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NMPOrPAMMA
EKAHAQZEQN
NMEPIOAOY
IANOYAPIOY -
IOYNIOY 2012

H npoeTtoiyacia kai n diegaywyr Tou 6° MaveAAnviou Zu-
vedpiou MewTexVIKNAG Kal FewnepIBAAAOVTIKAG MNXavIKnG Tov
ZenTepppio — OkTwPpio 2010 kal Tou XV European Confe-
rence on Soil Mechanics and Geotechnical Engineering Tov
ZenTepBpio 2011 nepiwpioav TIG AAAeG ekdnAwoelg Tne EE-
EErM Ta dUo nponyoUueva Xpovia. Me To véo €TOC, anaA-
Aaypévol and TIg Napanavw UNoXpEWOEIG, NPOXwWPAHE O Hid
ocIpa ekdNAWOEWY, Nou MIoTeUOUNE OTI Ta €AEouv To evdia-
PEPOV TWV HEAWV Kal TwV @iAwv Tng EEEEMM. To npdypap-
Ma Tng nepiddou Iavouapiou - Iouviou 2012, oTo onoio na-
PABETOUNE KAl TIC EKOINAWOEIG AANAWV POPEWV NMOU EVOEXOHE-
VWG evOIAPEPOUV Ta PEAN HaAG, EXEl WG EENG:

IANOYAPIOZ

Terdptn 11

Alopyavwon: TOMEAS FEQTEXNIKHE EMM

«KataoTatikoi Nopgol, AvaykaioTnta kai XpnoigoTnta»
KOAYMIMAS AnunTpiog, Ap. MoAITIKOG Mnxavikog, Professor,
Geotechnical and Tunnel Engineering, University of
Innsbruck

néuntn 12

Alopyavwon: TOMEAS FrEQTEXNIKHE EMM

«Mn Fpappiki AAAnAenidpaon Edagoug - KaTaokeung
unod Ioxupn Zsiopikn Ponn» - Mapouciaon AISAKTOPIKAG
AlaTpIBNG

ANOZTOAQY Mdapiog, MoAITIKOG MNXavikog

®EBPOYAPIOZ

AsuTépa 06 AOHNA

Alopyavwon: EEEEMM

«The flexible structural facing for the rockfall protec-
tion and slope stability - Design approach and new
calculation concepts»

MACCAFERRI

Tpitn 07 ®EZZAAONIKH

Alopyavwon: EEEEMM

«The flexible structural facing for the rockfall protec-
tion and slope stability — Design approach and new
calculation concepts»

MACCAFERRI

TerdpTtn 22

Alopyavwon: EEEEMM

AOHNAIKH AIAAE=H FEQTEXNIKHZ MHXANIKHZ
«Alaxeipion TnG aBepaioTnTag orn FemteXvikn Mnxa-
vikil = O poAog TnGg Evopyavng NMapakoAolBnong kai
TwV MeTpROEWV>»

TZOTZ0Z Ztépavog, Ap. MoAITikog Mnxavikdg, Kadnyntng
Topéa MewTexvikng Mnxavikng TuAuaTtog MoAImikwv Mnxavi-
KOV TMoAuTexviknGg Zx0ANG ApioToTeAgiou [avenigTnuiou
®eooalovikng

TetapTtn 29 AOHNA

Alopyavwon: EEEEMM

«Reinforced Pavements»

BENNETT Richard - Ap. MoAITIkOG Mnxavikog - MeTaAAeio-
Aoyog, Group Pavement Engineer, Maccaferri UK Ltd
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MAPTIOZ

MépnTn 01 OESSAAONIKH

Alopyavwon: EEEEMM

«Reinforced Pavements»

BENNETT Richard - Ap. MoAITIKOG Mnxavikog - MeTaAAeio-
Aovyog, Group Pavement Engineer, Maccaferri UK Ltd

AsuTépa 12

Alopyavwon: EEEEMM

«H EuoTdfsia duocikwv Mpavedv kal OpUuyHATWV OE
ZTIppEG Apyiloug»

MMEAOKAZ l'ewpylog — Ap. MoAITikdg Mnyavikog, KEME AEH

NéunTtn 22 + Napaokeun 23

Alopyavwon: EAAHNIKH ENITPOMH SHPATTQN KAI YMOTE-
IQN EPFQN (EEZYE)

International Symposium "Practices and trends for
financing tunnels and underground works"

TerdpTtn 26 AGHNA
Alopyavwon: EEEEMM
SALZMANN Hannes, GEOBRUGG

NépnTtn 27 OEZSAAONIKH
Alopyavwon: EEEEMM
SALZMANN Hannes, GEOBRUGG

ANPIAIOZ

AeuTEpa 23

Alopyavwon: EEEEMM

«H napapévoucda avToxn CUVEKTIKOV £3ap®v>»

TIKA ©=0dwpa - Ap. MoAITIkog Mnxavikdg, KabnynTtpia To-
pEa MewTeXVIKNG MNnXavikng THAPATog MoAITIK@V Mnxavikamv
MoAuTEXVIKAG =XO0ANG ApioToTeAeiou MavenioTnuiou Osocoa-
Aovikng

MAIOZz

TpiTn 8
FENIKH ZYNEAEYZH - APXAIPEZIEZ

TerapTn 23

Alopyavwon: EEEEMM

«AVTIHETONION OAIOCONONG Ot AUTOKIVATO3POMO UNO
KUukAo@opia: enixwpa E6 Eyvartiag odoU oTnv nepioxn
rpeBevov»

SAKOYMMENTA EAévn - MoAimikdg Mnxavikdg, M.Sc, Tunua
MeAeT®V Tne EFNATIA OAOS A.E.

IOYNIOZ

AsuTépa 11

Alopyavwon: EEEEMM

«AUCXEPEIEG OTNV AVTIHETONION CUVOETOV NpoBAnua-

TWV TNG YEWMTEXVIKNG CEICHIKNG MNXAVIKAG HE Tov EC8>»
WAPPOIMOYAOZ Mpddpopog — Ap. MOANITIKOG Mnxavikog, A-
vanAnpwTng KaénynTng oto TUARPa Mnxavikov Agponopikwyv
EykaTaotaoswv (MOAITIKOV Mnxavikwv) SXoAnG Ikapwv
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NMNEPINHWEIZ
NMPOZOATQN
AIAAKTOPIKSQN
AIATPIBQN
EAAHNIKQN
NMOAYTEXNIKQN
2XOAQN

2ZYZTHMATA OAIZOHZEQZ YNMNOBAAANOMENA ZE

EFTYZ-TOY-PHIMATOZ ZEIZMIKEZ AIETEPZEIZ:

ANAMNTY=H OEMEAIQAQN ANEAAZTIKQN ANA-
AOIrQN

EuayyeAia Fapivn
EBvikO MeTooOBIo MoAuTexVEiO
SXOAR MOAITIK®OV MnNXavikov

EniBAénwv: Kalnyntng Fempylog Nkalérag

O BepaTikdg nupnvag Tng diaTpIBng ival n digpelivnan Tng
OEIOHIKNG anokpiong BePEAIWdWY EVTOVWG AVEAQOTIKOV OU-
oTnUAaTtwyv oTav auta dieyeipovTal OxI and ornoladnnoTe ni-
Taxuvaoloypagnuata aAAa and kataypa®Eg  eyyUg-Tou-
priyuatog. Ta ev Adyw emiTayxuvolioypa®niuata euggavifouv
naApoug Aoyw "kateuBuvTikoTnTagc” n kar “aAtnuarikorn-
Tac”, oageig evoei&eig TG katelBuvong 81ad00ewg TNG di-
appnéng kal Tng avaduong Tou OEICHOYOVOoU PryHATog oTnv
enipaveia. Ol OSIOPIKEG AUTEG KIVAOEIG NApouaialouv pak-
ponePiodo CUXVOTIKO MEPIEXOMEVO ME aKOAOUBIEC MAA-pwV
oTnv €nITaXuvon Kal otnv TaxuTnTa ol onoieg £Xouv dUopE-
VEIC OUVENEIEG OTnNV anokpion TwV HEAETOUUEVWV OU-
oTnUATwV. XpnoigonomBlnkav 120 emiTaxuvolioypagniuaTta
ano Jd1ebveig oelopolC TwV TEAEUTAIWY dUO JEKAETIMV AAAG
Kal Heyalog apiBpog ef10avikeUPEVWY NAApwv. Ta pn-
YPAUMIKG OUCTAMATA TNG €PEUVAC Wag €ival cuoTtnuara Tpi-
Brg eni opifovTiou kal kekAIpEvou unofabpou, oTa onoia n
oAlgBaivouca pala otnpiletal oe Baon OlEyelpOPEVn EiTE
aneuBeiag €ite pEow €vOg HovoBABUIOU TAAQVTWTN.

TA ZYZTHMATA OAIZOHZHZ ZTHN FEQTEXNIKH
MHXANIKH

H duvapikn oAicBnon oTtepeol owpaTtog, Nalag m, €ni KeKAI-
Hévou eninedou Ppiokel e@appoyn O APKETA MpoBAnuara
TNG YEWTEXVIKNG OEIOKIKAG MNXAVIKNG. 'H3n and 1o 1965 Tnv
npwTo-glor)yaye o Newmark yia Tov UnoAoyiopo Tng o€iopi-
KAG anokpiong XwuaTivwv @payuatwv. To cloTnua oAl-
00aivovTog owpaTog €ni KEKAIMEVOU €MINESOU XPNOILONOIEI-
Tal oAPEPA, HETAEU AAAWYV, Yia TNV eKTINNON TWV dUVAHIKOV
kaBiZnoswv enipavelakwyv Bepeliov, Tov unoloyioud napa-
HMEVOUOWMV HETAKIVAOEWY MPAvmV, KAl TWV OEIOPIKOV JETA-
KIVAOEWV TOIXWV avTioTnpiEewg BapuTnTac.

BAZIKA ZYMMNEPAZMATA

1. Ta @aivopeva Tng "kareuBuvTIKOTNTAG” KAl TNG “"aATnua-
TIKOTNTAc” Nou Kuplapxouv €yyUG TOU pAYHATOG MPOIKO-
doTouv Toug €dagikoug kpadaouoUc Pe pakponepiodoug
naAgoug oTnv xpovoioTopia TNG €mITaxuvong r kal Tng
TaxutTnTag. O poAoG TWV NAAJ®V AUTWV OTNV NpoOKANGn
BAABWV 0Ot YEWTEXVIKG OUOTAMATA JIEPEUVABNKE OTNV
diaTpIBn auth PEow TpIwV anAwv BepeAiwdwv ouoTnua-

TwV TPIBAC (TUnou Newmark), 6nou n katandvnon dev
€ival napd n OEIOPIKWG NpokaAoUpevn oAioBnon &vog
oTepeoU owpaTog f anAol TaAavTwTh.

2. Algysipovtac Ta anAd autad CUCTAMATA ME £€va HeEYAAo

nAABoG KaTayeypauueEvwy €da@Ik®V Kpadaopwy (enita-
XUVOIOYpaPnNUATwV) aAAd kal pe KataAARAwG eE1davi-
KEUPEVOUG NaApoug (wavelets), peAeToUpe Tnv €nidpaon
evO¢ nNARBouc napayovTwyv otnv oAioBnon (WEyloTn Kal
TEAIKR). SUMNEPAIVOUPE OTI XAPAKTNPIOTIKA TWV £yyUG-
TOU-PAYHATOG KPadaouwyv Onwg ol Jakponepiodol naAyoi
oTNV EMITAXUVON, TO WEYIOTO BRua TaxuTtnTag, n aAAn-
Aouyia Twv NAAP®V, n AGUPHETpia kal MOAIKOTNTA TNG
€MITayxuvong, €ival noAl onuavTikdTEpa ano TIC CUVABEIG
NAapapgeTPOUG ONWG N Kopudaia TIPR TNG ENITAXUVONG KAl
n TauTdxpovn €niBOAN 1I0XUPNG KaTakopupng dIEyEpang.

3. To oUvoAOo TV AENTOPEPWYV aVAAUCEWV ENETPEYE TNV &-

niteugn BabUTEPNG KaTavonong Oxl HOVOV TOU pOAOU TwV
npoava®epBeic®V NAPAPETPWY, AAAG Kal TNG anpoPAe-
WIgoTNTAG TOU HEyEBOUG TNG oAigBnong and €vav Guyke-
KpIEVO Kkpadaouo. Kabiepwpéva aAAd kal veo-npo-
TelvOpeva “pETpa evracews” (IM), n “deikTeg KATAOTPO-
@IKOTNTAC” Onwg xapakTtnpifovrar otnv diaTpIBn, eival
anodé pova Toug avenapkn yia Tnv npoBAewn Tng oAiodn-
onNG — OUMMETPIKOU 1 acUUMETPOU CUCTANATOG. Movov
OTATIOTIKEG EKTIUNOEIG €ival OUVATEG ME OXETIKN agloni-
oTia. Ta kaBiepwpéva diaypdaupara Makdisi kal Seed a-
nodeIkvUOVTal AVENApKn yid TNV €KTIUNON TWV AaveAaoTi-
KWV HETAKIVACEWY YEWTEXVIKOV CUCTNHATWV ano gyyug
Tou pnyparog dieyepoeig (EXApa 1). AvantiooovTtal Aoi-
nov VEEC OXECEIG YIa To avw mBbavo oplo Twv oAIgBnose-
WV ano TIG JIEYEPOEIG AUTEG.

ZxAMa 1: XpovoloTopieg eniTaxuvong, TaxuTnTag kai Pera-

KIVAOEIC oAIgBRoewg dU0 1I0eWdWE TAUTOCN WY NPAVWV EU-
PICKOUEVWV AVTIKPIOTA, 6Tav unoBAAAovTal TNV CEIGHIKN
dieyepon TCU 068-NS and Tov osiopd Tou Chi-chi, 1999

otnv TaiBav. (a./a, = 0.2, B =25 O)
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4. Méow OAWV TWV NAPAUETPIKWV avaAUoewyv Tng diaTpl-
Brg, avadubnkav cuoTNUaTIK®WG PEPIKA napadofa otnv
anokpion TOU CUCTAKATOG OWHATOG-KEKAILUEVOU €MIME-
dou. Evw Ba nepipévape ot yia dUo pabnuaTikwg idia
npPavn €UPICKOWEVA TO £va akpIBWE AanevavTi oTto dAAo,
Kal apa dieyelpdueva pe Tnv idia kivnon (aAAa avribe-
TOU MPOCNMOU) va eixav Tnv idla nepinou anokpion,
KATI TETOIO €VOEXETAl va WAV 10XUEl kaBoAou OTav n Oi-
€YEPON E€XEl TNV AOUMMETPIA TwV €yyUG-TOU-PRYHATOG
eniITaxuvoloypapnuatwyv! ‘Eva xapaktnplioTikd napa-
dclypa aneikovifeTalr oto ZXAMa 2: n oAioBnon nou
npokaAeital and Tnv karaypagn TCU 068-NS eival u-
nepTpinAdoia anA®wg kai povov avTioTpEPOVTAG TNV
NOAIKOTNTA TOU EMITAXUVOIOYPAPRUATOG. ToUTO OQEi-
AeTal gTOV NAAPO KATEUBUVTIKOTNTAG TNG EMITAXUVONG
(ueTa&l 5 kal 11 s), o onoio¢ peTaPpaleTal WG acUp-
METPOG NaApdg otnv TaxuTnTa (nAdtoug 3.95 m/s). Oi
dUo anokpioeig, D(+) kal D(-), avaloya Pe TNV NOAIKO-
TNTa TNG €kAOTOTE KATAYPAPNG KNopei va ival dpapa-
TIKWG dIAPOPETIKEG (ME MOCOOTA AMOKAIONG TWV WETA-
KIVAOEWV £wG Kal 400%.
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SXAHa 2: MeTakIVAOEeIC oAIoBNoEwG (0€ EKATOOTA) ouvap-
TNOEI TOU AOYOU KPIigIPNG NpOG PEYIOTN EMITAXUVON YIA Ka-
TAYPAQPEC OEICPWV PEYEBOUC 6.0 < M < 6.9, €V OUYKpIOEI PE
Ta anoteAéopaTta Twv Makdisi & Seed.

3 O

MH rPAMMIKH AAAHAENIAPAZH EAA®OYZ -
KATAZKEYHZ YNO IZXYPH ZEIZMIKH POMNH

Mapiog AnooctoAou
EBvikO MeTooBIo MoAuTexveio
Zx0AN MOAITIKOV MNnxavikov

EniBAénwv: KaBnyntng Fewpyilog Nkalérag

H dieBvng épeuva otnv osiopikr aAAnAenidpaon €ddgoug-
KATAOKEUNG TIG TEAEUTAIEG DEKAETIEG £XEl WG €Ni TO NAgiOTOV
BaoioBei oe dUo Bepehiwdelg napadoxeg: (a) ypappikn (nf
1003Uvaun-ypaupikn), 1Ewdo-eAacTIKn €3aQIK CUNNEPIPO-
pa kai (B) nAnpn enaen Tou Beueliou Pe To unooTnpilov &-
dapoc. QoTO00, 0E CUCTANATA UWIKOPUWY KATAOKEUWV HE
enipaveiakn OgpeAinon, akopa kal und KabeoTwg HPETPIAG
OSIONIKAG €EaiTnONG, N avanTuooOusvn ponr oTo BOgugAio
(AOYW® Tng adpaveiag TnNG avwdopng) evOEXeTal va odnynael
og €€AavTAnon TNG avtoxng TnG dismipaveiag (Kar katd ouve-
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neia os anokOAAnon Tou Begpehiou). EminAgov, n avainyn
TNG adpaveiakng ponng Tou Beueliou ano To €3aPog EXEl WG
anoTEAEOPa TRV avanTuén onuavtikwv nAAoTIKOV {wvov
oTo €3aikd UAIKO nAngiov Tng BepeAdimong. Ano Ta napa-
navw avadsikvUeTal N avaykaiotnTa svOeAexoUG avTIHET®-
nioNg TWV HN-YPAUMIKOV QAIVOUEVWY MOU OXETI(OVTAl ME
TAV SUVAMIKN CUMMEPIPOPE CUCTAMATWY E£MIPAveIaKoUu Be-
HeAiou-gdagoug.

Auvapikn anA®v cuoTRHAT®V AIKVIOHOU: Q¢ sioaywyn
oTnVv avaiucn TnG AIKVIOTIKNG CUMMEPIPOPAG UWIKOPHWV
KATAOKEUWY MeAeTATAl n duvapikg dU0 TUMIK®V CoUoTNNA-
TV anAng €dpaong o€ avevootn BepeAiwon (NARpng ano-
KOAANON Kal avacnkwpa Tou BgpeAliou): (a) To anoAUTwg
oTePed owpa kal (B) o povoBaduIog IEwd0-eAACTIKOG TaAav-
TOTAG. Ma TNV MEAETN TOUG KATAOTPWVOVTAl KaTta Lagrange
Ol PN-YPAMHIKEG €EI0WOEIG KIVAGEWG Kal eMIAUOVTal apibun-
TIK®G, HEOW TNG MEBOBOU dueonc diatunwong. NapdAAnAa,
unoAoyietal n anAonoinuévn andkpion cUU®WVA HPE TNV
KaTa TUnpara ypapuikonoinuévn diatinwaon Twv €EI0W0EwVY
KIVAOEWG. O AIkVIOPOG TOu anoAUTwG oTepeol OWHUATOG HE-
AetdTal und ouvBnkeg eAeUBePNC Kal eEavaykaopévng Tala-
VTWONG O APHOVIKA Kal O€IoMIKR JIEyepon. H PEAETN TG
e\elBepnNG TAAAVTWONG EMIKEVTPWVETAI OTNV YEWUETPIKN
avdAuon Tou duvapikoU ouaThPartog. MNpokUunTel 0TI n opla-
KA avaTponrf CUuVTEAEITal O AneEIpo XPOVO Kal PETA anod pia
Kkpolon To MOAU. TNV NEPINTWON UWIKOPHWV CWHATWV, TO
ypapuikonoinuévo cUOTNUA ENAPKEL YIA TOV UMOAOYIOHO TNG
andkpiong. H avaAuon enekTeiveTal yia appovikn SIEyEPaON.
AIEPEUVOVTAl KAl AANEC HOPQEG HUN-YPAMUMIKAG APHOVIKAG
TaAAvTwong ONwWG n unoapuovikr nePIodIKr KAl n Olovei-
nepiodikn TaAdvtwon. EninAgov, Kata Tnv YEAETN Ot appo-
vikn dl€yepan unoloyilovTal @douara AIKvIOUOU TOU Hn-
YPAUUIKOU Kal TOU YPAUMIKOMOINUEVOU CUCTHMATOG.

MNa Tnv avaiuon und osiopikn diEyepan XpnaoiygonoiolvTal
Kal NPayuaTikeG KaTaypapeg OEIOPIKWV €nelcodinwv. MARBOG
NAapapeTpIKWV avaluoswv odnyei og Kavovikonoinueva ¢pa-
ouata. Alagaiveral OTI yid €napk®wG HEYAAEG (OYKWOEIG)
KATAOKEUEG N andkpion ival npoBAEWIYN. TNV NEPINTWON
HaAioTa €€13avikeupévwy NAAPIKQV JIEYEPOEWY, TO NMAATOG
TNG YWViag nepIOTPOPRG urnoAoyileTal unod KavoviKonolinue-
VN HOPOPN HECW anAwv diaypappdaTwy. And To GUVOAO TWV
anoTeEAEOUATWY MNPoKUMTEl OTI TO NAATOG TNG Yywviag AIKvi-
opouU €ival availoyo 1n¢ padivoTntag (slenderness) Tng ka-
TAOKEUNG, TNG €vTaong Kal Kupiwg Tng dsonodloucag nepio-
dou TNn¢ osiopIKnG di€yepang. Ma Tov JovoBaduio eAacTikd
TaAavtwTr, dlepeuvaTtal n aAAnAegnidpaon TNG AIKVIOTIKAG
OTPOPNG ME TNV KAWMTIKA Napapopwaon. MeAeTwvTal ¢
01€E0dIKA Ol OUVOBNKEG KATa TIG OMoisg Ta uwnAda enineda
AIKVIOHOU 0dnyouv TEAIK®WG os avaTtponn. EidikoTepa, uno-
AoyilsTal nMapapeTpikG n €AAXIOTN anaiToUMEVn OEIOHIKN
ENITAXUvon yid. Zuunepaiverar oTI pe TNV avugnon Tng €u-
Kapwiag TnG avwdoung cuppIKVOVOVTAl NPoodsUTIKA N “ne-
pIoxn” TNG avaTponng Pe kpolaon Kal OTI undpxel Wia kpiol-
Hn 1310ngpiodog, népav Tng onoiag o HovoPaduiog TaAavTw-
TAG WNopei va avartpanei Yovov npoToU undpEel £€0Tw Kal
Mia kpouon.

AvdaAuon TnG AIKVIOTIKNG anokpiong HE NENEPACHEVA
oTolxeia: H avaluon Tng AIKVIOTIKAG andkpiong enekTeive-
Tal €10ayovTag Tnv €v8ooIipoTNTA Tou €3APOUG. MEow evodg
eEeAlyuévou alyopibuou enagng, kabioratal duvaTtn n pea-
NOTIKR) nNpogopoiwon TNG AIKVIOTIKAG CUMNEPIPOPAG akopa
Kal KovTa oTa opla TnG avaTponnG. H pn-ypapuikn €3aikn
OUMNEPIPOPA MPOCOUOIMVETAI KUPIWG HE TO KPITRpIo diap-
ponG von Mises kal Tov I00TPOoMIKO/KIVNMATIKO VOUo Kpda-
TUVONG OTNV METEAAOTIKN mnepioxn. To nMpocopoiwpa auto
BswpeiTal katdAAnAo yia Tnv avaiuon Tng duvauikng/ava-
KUKAIKNG andkpiong HAAGK®V dpyiAIKQV oXNUATiogov und
aoTpdyyloTeg ouvenkeg. Kat’' apxag MEAETATAl N HOVOTOVIKA
andkpion kal unoAoyilovTal KAPnUAEG ponnG-oTpo®nG Kal
METAkivnonGg-oTpo®nG. H avaAucon enskTeiveTal Xpnoigo-
nolwVTag OEIOPIKEG — DIEYEPOEIG OTO Bpaxwdeg unoBabpo.
AlQnICTOVETAl OTI N KATAOKEUN PMNOPEi va EKTEAETEI AIKVIOUO
Xwpig aoToxia yia enitaxUvoeig NoAU PeyaAUTEPEG TNG OTa-
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TIKAC ENITAXUVONG avaTponng. EninAéov n YEWUETPIKWG WN-
YPAUMIKA CUMNEPIPOPA KUPIwG (anokOAAnon Tng dienipave-
1aG) aAAa kai n avelaoTikn dpdon Tou £daPpoug Bepeliw-ong
MnopoUv va enidpdoouVv EUEPYETIKA OTOV MEPIOPIOKO Kal TO
WaAidIoPa TWV avanTUGOOUEVWY adpavelakwyv OSUVANEWYV
oTnV avwdopn.

dEpoucda IKavoTnNTd ENIPAVEIGK®OV OgpeAinov AOyw He-
YAAnG o€IopIKAG ponngG: H diepelvnon TNG OEIOHIKNAG CUM-
nePIPOPAC TWV ENIPAVEIAK®V BepeAiov KovTa oTnv aaroxia
KaTadelkvUEl OTI N OPIAKN POMN avaTponng ennpealerar agp-
€vOG Yev and Tnv anokOAANcn Tou BgpeAiou O NEPINTWOEIG
OXETIKWG HEYAAWV OUVTEAECTWV AOQAAEiAg €vavTl KATAKO-
pupou @opTiou (FS > 2.5), apeTépou ds and TIG avanTuo-
OOHEVEG MAAOTIKOMOINCEIG 0TO €dagog BepeAinong yia ka-
TAKOPUQPA POPTia KOVTA OTO MEYIOTO enITpenOpevo (1 <<
FS < 2.5). YnoAoyifovtal napaperpikd adidoraTonoinueva
dlaypappaTta aAAnAenidpaong Twv dpacswv (Mop, Qop,
Nop) Tou BepeAiou unod OTATIKEG KAl DUVAHIKEG OUVONKEG.

4 -

T=0-0.1sec

Qover 9
N

T=0.3sec

0 0.5 1 15 2 25 3
fe: Hz
IxApa 1 ddaocpa avaTponng HovwPoPnG KATaoKeUng (p =
1.7 rad/sec, 6. = 0.2 rad) pe nepiodo T = 0.1, 0.3, kai 0.5
sec, o€ JIEyepan NUITOVIKOU naApou ouxvoTntag fe. O ouv-
TeAEOTAG Kpoliong sivarl 0.89 (sAacTikn kpouon).

EAaTnpIi®TO 3duvapiko npocopoiwpa Winkler yia tnv
avaAuon TnG aveAdoTIKAG AIKVIOTIKNG anoOKpPIonNG: A-
vanTtUooetal anAonoinuévn peBodoAoyia yia Tov avaAuTikod
UMNOAOYIOHO TWV KATAOTATIKWV OXEOEWV dUVAUNG—HETAKIVN-
ong oto oloTnua BgueAiou-£daPoUC PEOW TOU EAATNPIWTOU
NPOCOMOIOMATOG. AvTiBeTa e TNV JIEBVWG KaABIEPWHEVN
NPOOEYYIOTIKA €niAuon Tou nPoPARUATOG nou neplopilel To
eUpoC epapuoyng TNG o€ NoAU HIKPEG PETAKIVAOEIG TNG a-
vwdoung, ornv napoloa peAeTn AaupBaverar un’ Oyiv n a-
vanTuoooOpevn (YEWMETPIKAG QUOEWG) MN-YPANMIKOTATA TOU
npoBAnuaTog (paivopevo P-3) nou Aaupavel xwpa os peya-
AeG ywvieg AikviopoU. AvantUooovTdl KAEIOTEG AVAAUTIKEG
OXEOEIC YyIa TNV POMA, TV KATAKOpUPN WETAKivnon, Kai To
nAdTog Tou evepyoU (ev enagn) Bepeliou ouvapThoel TNG
ywviag AIKVIOPoOU, og eAacTikd kal avelaoTikd €dagog. Ol
KAUNUAEC QUTEG eAEyxovTdl WE Ta anoTeAéopara Tng apio-
MNTIKAG avdAuong. Me napaywylon TwV avaAuTIKOV oxEoe-
WV PONNGC-oTpo®n¢ unoAoyilovTal KapnUAeG acToxiag po-
nAG-a&oviknG.
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Uplift onset prior to Uplift onset after Yield onset after Yield onset prior to
yield: (3) (x<0.5) yield: (3) (x>0.5) uplift: (4) (x<0.5) uplift: (4) (x>0.5)

Elastic, [y Elastic, iy Yield, H Yield,
full-contact uplift full-contact “dr.) uplift

Mo _ 1 2 o Moo _ oz
(1 N "2 @ - y5=50-2
Z, 7<05 L(3-4y), z<05
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(3) o D _ @ & s -
e (1-2)22-1), 2205 ’ 4=y, x=08
3%76) 47 6

ExAHa 2 KapnuAeg aAAnAenidpaong ponng — aovikng &-
EaxOeioeg e TO EAATNPIWTO EAACTIKONAACTIKO NPOCOHOIW-
Ma, oTIC KAaTAOTACEIG OPIaKNG anokOAANaong, €dagikng nAao-
TIKOMoinongG kail acroxiag (avaTponng).
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THE STABILITY OF NATURAL AND CUT SLOPES
IN STIFF CLAYS "

A. Anagnostopoulos, National Technical University of Athens
G. Belokas, National Technical University of Athens

Summary

The stability of natural and cut slopes in stiff and structured
clays and the corresponding selection of design parameters
are of great interest for infrastructure works. The most
widespread method of analysis for design purposes is the
limit equilibrium, as it combines some simplicity together
with a long time experience. Limit equilibrium analyses re-
quire the estimation of the shear strength parameters, i.e.
the cohesion, ¢, and the angle of shearing resistance, ©.
There are two basic slope failure situations: a) the first -
time slides, which include the mobilization of post - peak
fully softened strength and b) the reactivated slides, which
include the mobilization of residual strength. The appropri-
ate selection of the fully softened strength parameters is of
great importance for appropriately interpreting activated
slides or analysing slopes. A reference is made to the post -
rupture strength, which for the usual range of stresses
seems to fall closely to the fully softened strength.

Key words

Cut slope; fully softened; post-rupture; progressive failure;
residual; stability; stiff clay; structure

1. INTRODUCTION

The stability of natural and cut slopes in stiff and structured
clays and the corresponding selection of design parameters
are of great interest for infrastructure works, especially at
the Balkan area as there are major civil works either under
construction or planning. The most widespread method of
analysis for design purposes is the limit equilibrium, as it
combines some simplicity together with a long time experi-
ence. Limit equilibrium analyses require the estimation of
the shear strength parameters, i.e. the cohesion, ¢, and the
angle of shearing resistance, ¢.

Normally, the following two situations can be examined
during the design of natural and cut slopes:

e First time slides, of previously stable slopes that include
the following conditions:

- Short term, which usually correspond to the end of con-
struction state of cut slopes. As pore pressures are not
known, the undrained shear strength parameters are
typically used, that is undrained cohesion, ¢, (or S.),
and undrained angle of shearing resistance, ¢,=0. It
includes total stress analysis.

- Long term, which usually correspond to the steady state
seepage conditions of natural or cut slopes. A phreatic
surface is assumed/calculated and drained shear
strength parameters are used, that is effective cohe-
sion, ¢’, and effective angle of shearing resistance, ¢’.
It includes effective stress analysis.

e Reactivated slides, which require the existence of a pre-
sheared failure surface activated due to natural or man-
made processes and include:
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- Slow rate slides, which involve the use of residual
shear strength, that is effective residual cohesion,
¢'=0, and effective residual angle of shearing resis-
tance, ¢.. Sometimes, they are previously creeping
slopes.

- Fast rate slides, which involve the use of fast residual
shear strength (¢,=0, and @,). It includes an influence
of the accelerating displacement (i.e. displacement
rate) on the shear strength.

An important aspect of both first time and reactivated slides
on stiff and structured clays is the progressive nature of
failure ([5], [7] [11]). For instance, despite that the design
of the long - term stability has been traditionally associated
with the use peak strength shear parameters (cp.s', ®ps'),
early research (e.g. [35], [36]) has exhibited that at the
time of failure the mobilized shear strength is lower than
the peak. This is assisted by the softening of these clays
during pre-failure slow creep shear displacements. The soil
structure and the existence of fissures, as well as the high
plasticity, enhance the possibility of softening. Moreover,
sedimentation, erosion and unloading processes may form
weak strength surfaces, which can manifest the overall sta-
bility of the slope. In addition, the final triggering of the
instability is strongly associated with the pore pressures
within the soil or along the slip surface.

The mobilized or operational shear strength is often re-
ferred to as the fully softened strength (¢, @<, see [35]),
which has been argued that to be close to the critical state
strength (@.'). The critical state strength ([31][31]) is de-
fined as a condition in which continued shearing takes place
at constant shear stress, constant effective stress and con-
stant void’s ratio. However, experience shows that the
identification of well-defined critical states from laboratory
tests on natural overconsolidated clays is usually not possi-
ble, as a continuous drop in post-peak strength takes place
with continuing dilatancy. Recent research by Burland et a/
([12]) showed that many stiff natural intact clays exhibit
brittle behavior with the formation of slip surfaces or shear
bands at peak strength, followed by rapid reduction in
strength. The shear and normal stresses acting on the rup-
ture planes have been termed as the post rupture strength.

The post rupture strength envelope of a number of natural
clays (see [12]) has been found experimentally to lie closes
to the critical state envelope for the reconstituted material.
These findings have important implications for evaluating
the operational strength of first time slides within stiff
clays.

Finally, there are four widely used measures of strength for
stiff clays materials: a) peak strength (cps’, ®ps’), Which cor-
responds to maximum shear stress, b) residual strength
(¢, @), which corresponds to the large strain strength, c)
critical state strength (c.’, ®.'), which corresponds to post
— peak constant volumetric strain or excess pore pressures
before residual strength and d) post-rupture strength (¢,
®pr’), Which corresponds to the complete formation of post
peak rupture plane. Critical state strength has been tradi-
tionally determined from reconstituted clays, whereas post
- rupture strength is more evident in natural stiff clays, in
which strain localization is pronounced. Other useful meas-
ures of strength are the maximum angle of frictional resis-
tance (Pmax’), Which corresponds to maximum stress ratio
(T/0.)max, and the angle or frictional resistance (pek’) at
peak shear stress (i.e. Tpeak OF Gpeak)-

2. ELEMENTS OF SOIL BEHAVIOR OF NATURAL STIFF
CLAYS

Clays in their natural (in situ) state are generally structured
([10], [25]), that is they have components of strength,
stiffness and dilatancy that cannot be accounted for solely
by soil’s current stress state and void’s ratio (e, or specific
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volume: v=1+e). A soil is in a structureless state when its
mechanical behavior is completely described by the current
stress and void’s ratio. A structureless soil is radially com-
pressed (n=qg/p’=constant, where g=0,"- 03" and p=(0;+2
05%)/3), which reaches a constant dilatancy (d,= £/¢€.,=(€:-
£3)/(€:+2€3)=constant). Upon this condition, soil’s state lies
on the Intrinsic Compression Curve ([4], [10]), which is
shown in Figure 1.

q
A
Critical State Envelope

ESE, ﬂg, = ﬂifMEI.

lsotropic

COIMpression e

V=1+e  ICC,: v=N +Alnp
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Figure 1. Intrinsic compressibility for linear v-Ino" ICC,
curves ([4])

The mechanical properties of a reconstituted clay are
termed intrinsic properties (Burland, 1990), which form a
valuable frame for assessing and evaluating the properties
of a natural intact clay. The intrinsic compression curves, in
an oedometer, for many clays form an almost unique line
when replacing the voids’ ratio, e, with the voids’ index
I,=(e-€100*)/(€100*—€1000*) (Figure 2). This line is termed as
the Intrinsic Compression Line (ICL).

Many natural normally consolidated soils, laid down under
still water conditions, lie upon a well-defined line, namely
the Sedimentation Compression Line (SCL), which is placed
to the right of the ICL (Figure 2). When an undisturbed
sample of heavily overconsolidated clay is compressed, the
compression curve usually crosses the ICL and then bends
down as appreciable structural breakdown begins ([10],
[12]) as shown in Figure 3. In the case of a brittle bonded
clay with microstructure the yield state, o,,, is well to the
right of the SCL due to strong interparticle bonding.

The framework provided by the intrinsic behavior during
compression may be extended to include shearing behavior.
Figure 4 shows the state boundary surfaces in normalized
plots of t/ow* (or q/(Mpe*)) against s7ov* (or p7/pe*),
where o,.* (or p.*) is the equivalent intrinsic (Hvorslev’s)
pressure (or mean stress) for the reconstituted material
and t and s’ (or g and p’) the traditional parameters for the
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study of the shear strength. The natural or undisturbed (i.e.
structured) soil’s normalized stress paths (Figure 4b) lay on
the right of the corresponding stress paths of the reconsti-
tuted soil, gradually approaching the reconstituted soil ones
as structural breakdown proceeds.
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Figure 2. The one dimensional: a) Intrinsic Compression
Line, Sedimentation Compression Line and b) Intrinsic
Compression Curve, Sedimantation Compression Curve

([10], [12])
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Figure 3. Compression and swell of a natural overconsoli-
dated clay ([10], [12])

Stress history (unloading due to erosion, seasonally fluctua-
tions of water table) and bonding (aging, leaching, cemen-
tation, thixotropy, etc) are the most important agents of
structure and result in an increased interparticle resistance
(i.e. in addition to that offered by the interlocking of soil
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grains/particles). Figure 5 illustratively shows the effects of
structure on the shearing response of unfissured clayey
soils. Thus, structured soils when loaded:

e They usually initially develop higher strength, stiffness
and dilatancy compared to that of a reconstituted soil
with the same history.

e They undergo a destructuration process, which deterio-
rates the influence of interparticle bonding.

e Upon high strains they reach a fully destructured state.
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Figure 4. Comparison of natural (undisturbed) state bound-
ary surfaces with the intrinsic (reconstituted soil) ones
showing increased resistance to compression and: a) Bur-
land et al ([12]), b) (Cotecchia et al, [17])

Therefore, depending on the initial state and the magnitude
of structure, the material can undergo different degrees of
softening as a result of destructuring. The rate of the struc-
ture deterioration seems to be a combined function of the
soil index properties (e.g. LL, PI, CF), the amount of bond-
ing (which can result in yield stresses to the right of the
Sedimentation Compression Line, SCL, [10]) and the initial
state (e.g. to the left or to the right of SCL). When a soil
state lies to the right of SCL it is anticipated that the rate of
structure deterioration is rapid. Moreover, it seems that as
PI increases, the behavior becomes more brittle upon
shearing.

The peak strength (cps', @ps’, Figure 6) of soils corresponds
to a maximum shear stress (Tmax OF Gmax) that develops dur-
ing slip formation and is usually applied in design. However,
the residual strength (¢, ¢/, [6], [35]) and the post — rup-
ture strength (cpr, ®pr, [12]) are two important cases of
mobilized soil strength along shear surfaces, which affect
the stability of slopes. A useful reference state is the critical
state ([31]), which is the mobilized strength (¢’) during a
shearing under a constant volume or a constant excess
pore pressure.
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Figure 6. Mohr - Coulomb failure envelopes in soil mechan-
ics.

In addition, stiff overconsollidated clays may mobilize a
maximum angle of shearing resistance (@max’) and a corre-
sponding maximum stress ratio (Nmax=(a/p’)max) before
peak shear strength, i.e. it does not represent a failure
state. For these clays it iS Pmax’ >®c’ While Nmax>Npeak>M,
where M is the critical slope. As already mentioned, peak
strength (cps’, @ps’), critical state strength (¢.,"), post - rup-
ture strength (c,/, ¢p) and residual strength (¢, ¢.") pa-
rameters are commonly used for analyses purposes. More-
over, the existence of fissures may have a dominant role on
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the overall response, reducing greatly the available
strength close to residual.

Concerning the stability of slopes, there is evidence that the
combined effect of the gradual structure deterioration and
the progressive development of shear bands largely influ-
ence the stability of first - time slides, which usually trigger
at a post-peak mobilized strength (e.g. [36], see next
paragraph). Concerning the stability of reactivated slides, it
seems that the large strain strength (i.e. residual) has a
dominant role. It is normal to account for the effect of pore
pressures developments and creep displacements accumu-
lation.

3. FIRST - TIME SLIDES

A first - time slide may develop in either a natural or a cut
slope. Concerning the cut slopes in clays, stability may be
critical:

e immediately after excavation (end of construction state),
which means that excess pore pressures have just
started to dissipate and is commonly referred to as the
“undrained conditions” or

e a long time after construction, when pore pressures have
equilibrate and no excess pore pressures exist, which
corresponds to steady state flow conditions and is com-
monly referred to as the “drained conditions”.

The “undrained conditions” are more likely to be more criti-
cal for soft clays, while the drained conditions are more
likely to be more critical for stiff clays (Figure 7 and [5],
[8], [32]). Our present understanding of long term slope
behavior in stiff clays relies on field studies of slope failures
together with their back analyses. Back analyses of natural
or excavated slope failures have shown that the average
shear strength along the slip surface may be less than the
peak value as a consequence of two processes: time - de-
pendent softening and strain - dependent weakening.

The time dependent softening is the process of the de-
crease in shear strength of a mass of fissured clay as con-
sequence of environmental factors, associated with unload-
ing over a length of time. Important factors that enhance
the softening are the structure development and the exis-
tence of fissures, as well as high plasticity. Sedimentation,
erosion and unloading processes may form weak strength
surfaces, which may manifest the overall stability of the
slope. Concerning the triggering of the first time slides in
stiff clays, this is strongly associated with the long term
process pore pressures recovery ([14], [37], [42]), assisted
by creep generated positive pore pressures.

The strain dependent weakening occurs in soils with brittle
behavior, i.e. soils with a significant difference between
peak and residual strength. This is associated with the pro-
gressive failure mechanism, which is accompanied by rela-
tively large displacements along the slip surface. This
weakening is also assisted by pre-failure slow rate creep
shear displacements.

Both time - dependent softening and strain - dependent
weakening are directly related with the progressive type of
failure, often called as delayed failure, of slopes in stiff
clays.

3.1. The progressive failure mechanism - delayed
failure

As natural stiff clays are usually overconsolidated due to
surface erosion or melting of ice caps, the unloading due to
natural processes may result in the development of some
macro - fissures of low strength. The same can happen in
cut - slopes, which gradually results in deterioration of mi-
cro - structure and shear strength along the macro - fis-
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sures. This softening is enhanced by processes such as sea-
sonal piezometric level variations and freeze - thaw cycles.

Immediately after an excavation or erosion, the total
stresses within the soil body reduce and, as the behavior is
practically undrained, there is a sudden drop of pore water
pressures (see Figure 7). This results in some swelling ac-
companied by softening due to extension of the fissures
and by differential shear displacements along the fissure
([28]). It has been already mentioned that this situation is
not necessarily critical.
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Figure?. Factor of safety development for cut slopes on stiff
clays (BS 6031: 2009)

Next, pore water pressures rise towards steady state seep-
age, while seasonal fluctuations, especially after periods of
intense rainfalls, have an important role on the piezometric
level. For clayey cut slopes it may take more than 50 years
for steady state pore pressures to develop ([14], [37],
[42]). Water content near the slip surface is usually greater
(see [35]), which is explained by the dilation and conse-
quent water absorption during the rupture of stiff clays.
This enhances the softening.

It has been observed in the field that the shear strains
along the slip surface are not uniform prior failure (e.g.
[11]) and progress mainly from the toe towards the crest.
Such a procedure has also been simulated by finite ele-
ments analyses ([30]). Therefore, just before failure part of
the slip surface is in a post - peak strength state but far
from residual. That means that the average shear strength
along the slip surface is generally lower than the peak
strength and greater than the residual strength (see [5],
[15], [35], [37]). At a point the average available strength
along the potential slip surface is critical, so that a further
reduce of available strength, due to softening, weathering
or pore pressure build up, results in a development of a
slide.

This is the progressive failure mechanism of stiff clayey
slopes (e.g. [5], [11]) and is accompanied by a high piezo-
metric level, not always under steady state conditions (see
[42]).

3.2. Mobilized shear strength for long - term stability
based on limit equilibrium analyses

The progressive failure mechanism described above means
that for limit equilibrium analyses we can only speak for an
average mobilized or operative strength along the slip sur-
face. Back analyses of first — time slides (e.g. [15], [28],
[35], [36]) have exhibited that at the time of failure (where
the factor of safety should be FS=1.0): a) the operating
cohesion is significantly smaller than that of the peak
strength and close to zero (i.e. cmor'=0) and b) the angle of
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frictional resistance is somewhere between the peak and
the critical state value. Figure 8 shows the failure envelopes
of some back analyses results from Chandler & Skempton
([15]), which show that a small operative cohesion is pre-
sent at the time of the triggering.
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Figure8. Back analyses of first time slides (Chandler and
Skempton, 1974)

Skempton ([36]) introduced the concept of “fully softened
strength” (c’, @), in which the operative or mobilized
strength is cmor'=0 and @me'=®s" (Figure 9). He proposed
that: a) for nonfissured stiff clays it is @s=@, to

Ps'TPn'R P, While there can be an appreciable component
of cohesion and b) for fissured stiff clays it is @s'*Pnc' =P
The @s'=Pn'= @, is the “fully softened state”.

On the same line of thought Chandler & Skempton ([15])
came to the conclusion that, for high plasticity stiff clays
with high CF, the cmor'=0 and @me’'=¢s’ and FS=1 concept
can lead to a very conservative design. They proposed that
a small cohesion intercept must be used. Although it was
not clearly stated, they meant that it is conservative when
used for redesign, unless the actual slip surface is used. It
should be noted that fissured stiff clays have even more
pronounced brittleness. Chandler & Skempton also pre-
sented a back analysis of a non-brittle, non-fissured boul-
der clay, which gave an operative c=9kPa. These evidences
are close to the laboratory observations about the post-
rupture strength (e.g. [12]).

Therefore:

e Non-fissured stiff clays of low to medium plasticity, such
as glacial clays or homogenous soft to firm clays of low to
medium plasticity, present a mobilized shear strength
equal to or greater than the fully softened strength and in
some cases (presheared zones) near the intact peak
strength ([15], [28], [36]).

e Fissured stiff clays of medium to high plasticity, present a
mobilized shear strength that is close to the fully sof-
tened strength and in some cases (pre-sheared zones)
near the residual strength ([15], [28], [36]).

Stear Shear
stress /ka 0-C strength
Fully ~softened
/Fﬂk N=C
R:ﬁdmL/l
o Dispiacernent O Effective normal presswre o)

Figure 9. The “fully softened strength” (Skempton, 1970)

The mobilized shear strength strongly depends on
whether part of the slip surface moves along bedding or
fissures, which results in mobilized angle of shearing re-
sistance lower than the fully softened one (®mob'<®s’).
This is more pronounced for high plasticity clays, in which
polished and slicken sided shear surfaces may develop,
resulting in almost residual mobilized angle of shearing
resistance along these surfaces.

It has been argued that the fully softened strength, .,
corresponds to a relatively random arrangement of particles
with predominant edge to face interaction and interference
([271, [28]). On the contrary, the residual strength condi-
tion, @, corresponds to fully oriented platy particles along
the slip movement.

It generally is @s'=@," and the difference between ¢¢’ and
@, (Figure 10): a) approaches zero at very low plasticity,
where particle reorientation is not a factor, b) maximizes at
a plasticity index around 50% and c) becomes constant at
very high plasticity, where the predominant particle interac-
tion even for a random fabric is face to face ([27]). Mesri &
Shahien ([28]) give some empirical relationships about the
secant angles of shearing resistance. Moreover, @peak’;, @s’
and ¢, values are non - linear with respect to normal
stress (e.g. Figure 11), which is also in agreement with the
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experimental observations of Burland et a/ ([12]) for post -
rupture strength, but this non-linearity can be ignored, at
the moment, for design purposes.

The mobilized strength T=T~R;(T+T,) can be expressed by
Skempton’s residual factor R;=(1«T)/(TeT:) ([35]), which,
according to the progressive failure mechanism, cannot be
constant along the slip surface (e.g [5]). Bjerrum ([7]) pro-
posed the brittleness index Ig=(T¢T;)/ Tr, where T¢ the peak
strength and T, the residual strength (Figure 12), to de-
scribe the effect of brittleness on the progressive failure
mechanism. The greater the value of the index is, the more
pronounced the progressive failure it is, as it happens in
high plasticity stiff clays (e.g. PI>40%). The actual value of
®mob” along the slip surface depends on the degree of sof-
tening and on the duration of shearing.

3.3. The influence of pore pressures

The time of the triggering largely depends on the slope ge-
ometry and soil’s strength and permeability parameters.
Chandler and Skempton ([15]) and Skempton ([37]) based
mainly on back analyses suggested that upon first - failure
it is ru=0.25 - 0.35 (e.g. Figure 13), where ru=u/o, , but
there was evidence that it could be a bit lower sometimes.
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The back analyses of Mesri & Shahien ([28]) report r, val-
ues greater than 0.23.
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Figure 10. Correlation of fully softened angle of shearing
resistance with plasticity index for various stress levels

([28])
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Figure 11. Peak, fully softened and residual strength of
some stiff clays ([28]))

TA NEA THZ EEEEI'M - Ap. 42 — AEKEMBPIOZ 2011

T =T,
Brittleness Index Ia = —T-——
[;

Shear stress T

Shear strain or displacement
5, Constant R, line

-

T=T,— R {7, ~1,)

Figure 12. The brittleness index (reprinted from Bishop,
1971)
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Figure 13. The influence of ru on the back analyses of first
time slides ([15])

For an infinite slope of angle a, a flow parallel to the free
surface gives a pore pressure of u=y,(z-z,)cos’a, where z,
the depth of the phreatic surface and therefore it is
ru=yw(z-zw)cos?a/(z)=0.5(z-zy)cos?a/z, where z is the depth
of the slip surface. For z,=0, it becomes
ru=y,cos’a/y=0.5cos?a, which is shown in Figure 14, relat-
ing the influence of the slope inclination to r,.

Chandler and Skempton ([15]) concluded that “provided
conservative estimates of r, are made, based on site inves-
tigation, it therefore seems that design of permanent cut-
ting slopes in brown London Clay and weathered Upper Lias
Clay, can be derived from the circular arc analysis with
c'=1.5 - 2.5kPa (i.e. a small operative cohesion) and
Pmob =Pps’ With FS=1.0". It could be therefore argued that
the slope stability should be checked for a range of possible
ry values.

3.4. The influence of pre-sheared zones

There are cases where pre-sheared zones of residual
strength or close to residual strength have an influential
role in long term stability of cut slopes. These weak
strength zones may become a part of an overall composite
slip surface during failure and may assist the progressive
failure mechanism of the unsheared stiff clay, reducing the
operating strength.
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Figure 14. The dependence of ru on slope angle for an infi-
nite slope with a flow parallel to slope and phreatic level on
ground surface.

3.5. The influence of creep

Creep displacement has a twofold influence in stiff clays.
Firstly, it induces strain softening as a result of their brittle
behavior. Secondly, it results in accumulated positive ex-
cess pore pressures during the first stages of the creep
phenomenon. Both factors shift the soil’s state within the
slope gradually towards the failure envelope, resulting
therefore to a potentially unstable slope depending on the
amount of creep.

3.6. Slip surface shape

Many of the delayed first —~time slides in stiff clays are deep
seated (e.g. [11]), while the field evidence shows that they
may be non - circular. This has also been portrayed by the
progressive failure Finite Elements Analyses ([30]), which
exhibited that for stiff clays (with higher K,) the rupture
surface goes deeper, the progressive failure mechanism is
more pronounced and the average mobilized shear strength
decreases (Figure 15). The slip surface starts to develop
from the bottom progressing upwards ([11], [30]).

The field evidence and the FEA analyses show that for the
deep seated surface the slip surface seems not circular.
Therefore, it can be argued that concerning the Limit Equi-
librium Analyses, it is more appropriate to perform a non -
circular critical surface search.

3.7. Experimental post rupture strength

Stiff high plasticity clays typically exhibit brittle post - peak
behavior (see [5], [11], [12]) accompanied by a small dis-
placement along the rupture, which can be of the order of
1% of the length of the slip surface ([5]). This rapid loss of
strength is more pronounced in fissured clays, which exhibit
more brittle behavior than the homogeneous clays, and in
high plasticity clays, possibly as a result of the re-
orientation of the clayey particles and the formation of thin
slip surfaces.
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Post rupture strength (c,/'=0, ®,") corresponds to the post-
peak strength that develops upon full formation of shear
bands, usually accompanied by a rapid loss of strength and
rigid body motion within a few millimeters ([12], Figure
16). This has been attributed to microstructure deteriora-
tion processes. The rapid loss of strength of stiff clays has
been depicted from various studies (e.g. [11], [12], [21],
[35]).

(b}
Maortholt

Fareham 1

Fareham 2

Figure 15. (@) Rupture surfaces predicted by FEA for vary-
ing Ko and (b) comparison with some field observations
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Aulal strain: %
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Figure 16. Vallericca clay undrained and drained typical
triaxial shear behavior ([12])

The time of the initiation of shear band formation (i.e.
strain localization) is not very clear and there are various
views. It has been stated that the initiation takes place:

e at about maximum stress ratio, nmax, or angle of shearing
resistance, Qmax, (i.e. before peak) and the slip surface
develops up to peak strength (e.g. [1], [43]) or

e at post peak strength and slip surface forms before re-
sidual strength ([12], [21]) at about the onset of rapid
loss of strength.

During the rapid loss of strength the pore pressures, u,
stabilize at the point of the post rupture strength ([12]).
This drop of strength occurred in the laboratory over a dis-
placement of less than 0.5mm or strain of less than 1%
([12], [21]). Similarly, Burland et a/ ([11]) examining a
slope failure in stiff Oxford clay reported that the shear box
tests exhibited a rapid loss of strength near residual for a
displacement of 3 to 4mm.

The post rupture strength (¢, ¢,r") develops a bit before
critical state strength (co,'=0, @.").
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Burland et al ([12]) report that at post rupture strength
there is a small cohesion, while @, '~¢.’ (e.g. Figure 17).
More specifically:

e At low confining stresses: c,'=0 to 10 kPa, @, is slightly
higher than ¢.’, but for all practical purposes they pro-
pose Ppr'=@c".

e At low to moderate confining stresses: @p'=®c. "
e At high confining stresses: @, is slightly lower than ¢.,".

The greater strength reduction at higher confining stresses
has been attributed to enhanced particle orientation and
particle bonds breakage.
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Figure 17. Vallericca clay post rupture strengths compared
with intact and intrinsic Mohr — Coulomb [12], modified)

3.8. Experimental post rupture strength

The progressive failure mechanism is less pronounced for
low plasticity clays as the difference between @<’ and ¢/, is
lower than in high plasticity clays. Post rupture strength
could be associated to the progressive failure of slopes, as
there are some similarities on the developed mechanisms.
The progressive failure mechanism assisted by soil’s brittle-
ness has an important role on the sudden - unexpected
triggering of some cut slopes.

At the time of triggering the pore pressures may corre-
spond to ru of the order of 0.25 to 0.35, the triggering can
happen some decades after the formation of a cut slope
and the slip surface is usually not circular (see also Figure
15).

The fully softened strength is an average mobilized strength
along the slip surface of unstable slope and seems to be not
far from the post rupture strength. Based on past evidence
and results, a value of ¢’=0 to 10 kPa and ¢@s '=¢. on the
developed slip surface looks reasonable.

4. REACTIVATED LANDSLIDES

Reactivated landslides mobilize on pre-sheared surfaces,
i.e. surfaces that have experienced shear displacements in
the past, developing, therefore, post - peak residual
strength (c/, ®/). This is often the case of the stability of
natural slopes (e.g. [19], [35]), while another situation is
the final equilibrium of first - time slope failures. Both
cases may need remediation measures, which usually in-
cludes analyses with residual strength parameters.

The identification of an existing slip surface by the geotech-
nical investigation greatly influences the analyses and the
design of a project, which must include a careful selection
of the appropriate failure mechanisms and the correspond-
ing shear strength parameters. Moreover, the stability of
reactivated slides is very sensitive to small variations of
pore pressures (e.g. [19]), which have to be taken into
consideration in the analyses.
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The residual strength (c/, @) corresponds to the strength
mobilized along a slip surface that undergoes large strains
(see [5], [6], [26], [41]) and is the minimum strength that
a soil can develop (Figure 6, Mohr - Coulomb envelopes).
The strain rate may greatly influence the developed resid-
ual strength (Figure 18) and therefore affect the stability.
Lemos et al ([24]) have distinguished the slow and the fast
residual strength.

Slow shearing Fast shearing _ Slow shearir‘g
Fast peak
Threshold | Fast residual
\/\ Slow peak
Ve

G

f
Slow residual ;
'\‘ T

Displacement

Strength

Figure18. Summary of the rate-dependent phenomena for
residual strength ([41])

4.1. Mobilized shear strength based on limit equilib-
rium analyses

Back analyses of reactivated landslides (e.g. [15], [37])
have shown than a small cohesion (i.e. ¢,'=1 to 2kPa) often
develops, which, as it will be shown below, has also been
supported by experimental evidence ([6], [15], [26]). This
can also justify the delayed triggering of some old land-
slides, which often exhibit shear creep prior triggering. The
back analyses by Mesri & Shahien ([28]) support the non-
linear relationship of ¢," with normal stress, but for design
purposes it is usually assumed linear. Moreover, the back
calculated residual shear strength parameters are ex-
tremely sensitive to the assumed phreatic surface (e.g.

[19D).
4.2. Experimental slow residual strength

Slow residual strength is best estimated from ring shear
apparatus but reversal shear box tests can also be used.
Bishop et al ([6]) report that ring shear apparatus gives
lower @ values. Although it is typically assumed that c¢/'=0,
there is some evidence that a small cohesion intercept can
be present as c; can vary from 0 to 8kPa (see [26]). This
could also be the effect of the non-linear relationship of @,
with the normal stress.

The soil particles shape and the angle of interparticle fric-
tion, ¢, control the mode of shearing and affect the corre-
sponding mobilized residual strength ([26], [35]). In par-
ticular, Lupini et al ([26]) identified the following three
main shearing mechanisms:

e Turbulent shear, when rotund particles dominate (e.g.
sandy silts) and shearing involves rotation and rolling of
the particles. A shear zone develops, which results in a
Q/'=Qy’. Lupini et al ([26]) report that also needle-
shaped high friction clay minerals (e.g. halloysites) seem
to behave as rotund particles.

¢ Sliding shear, when platy - low friction particles dominate
(e.g. the montmorillonite) and shearing involves orienta-
tion of soil particles parallel to the direction of shearing
giving the lowest possible angle. A permanent polished -
slickensided thin slip surface forms, which results in the
lowest possible friction ¢./'=f(¢p,)<®., that is close to @,.

e Transitional shear, when there is no dominant particle

shape and a mixed turbulent and sliding shear is present
depending on the distribution of rotund and platy parti-
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cles within the soil mass. This mechanism is expected to
give intermediate residual angle of shearing resistance.

Lupini et al ([26]), based on experimental evidence, pro-
posed the ideal stress - strain response of Figure 19 con-
cerning the ring shear tests. The idealized shear paths CDE
and ABB1, of OC and NC clays respectively, correspond to
critical state theory behavior, which does not model the
effect of the preferred particle orientation on the angle of
shearing resistance. This is the pure turbulent shear behav-
ior. Supposing that the clay particles suffer orientation the
idealized shear paths CGG1 and ABF, of OC and NC clays
respectively, can develop. Both shear paths exhibit a low
residual angle of shearing resistance, yet NC clays appear

Stage 2
T

L
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Ower - consolidated

more brittle from peak to residual strength. As clay fraction
increases the behavior becomes more.

Experimental results ([6], [22], [26], [27], [35], [40])
show that for high plasticity clays with PI>40% or CF=40%
the residual angle of shearing resistance can be as low as
10° even a bit lower (Figures 20, 21). This is due to the
sliding shear mechanism. In particular, Lupini et al ([26])
report that for natural clayey soils it is @,/=5° to 20°. This
has been included in BS 6301:2009 “Code of Practice for
Earthworks”.
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Figure 19. Idealized residual behavior according to the ring shear test ([26])
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Figure 20. Residual strength as a function of CF (Lupini et
al, 1981)

Despite the evidence that ¢,” depends on the effective nor-
mal stress (e.g. [6], [22], [28], [40]), for all practical and
design purposes it may be considered constant.

Skempton ([38]) and Popescu ([29]) summarizing ¢, val-
ues from different test methods report that:

‘O 1 1 1 1 .
—— Vaughan et al (1978) = 130 - 180 kPa
»-5 Bucher (1975) O,'= 72.5-269.5 kPa
s Kanji (1974) O},= 147 kPa
Q ——— SeyEek (1978 ] (J, = 300 kPa
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Figure 21. Residual strength as a function of Ip (Lupini et
al, 1981)

e direct shear tests on slide plane or bedding plane shear
are the most reliable indicator of field residual strength,

e ring shear devices either underestimate by 1° to 2° or
approximate the field residual and

TA NEA THZ EEEEI'M - Ap. 42 — AEKEMBPIOZ 2011 ZgAida 15



e multiple reversal direct shear on clays will probably over-
estimate field residual by 1° to 2°.

Skempas ([33]) and Skempas and Chandler ([34]) pre-
sented the cut-thin sample technique in the direct shear
box, which consists of a slow direct shear on a consolidated
4mm thick sample, pre-cut by a stainless steel wire. This
method can give equivalent results to the ring shear device.

4.3. Experimental fast residual strength

Lemos et al ([26]) have observed that for shear surfaces
which are at a residual state due to slow drained shearing,
a fast displacement re-shearing can lead to the responses
presented in Figure 18. These three responses correspond
to neutral (@ fast®@Prsiow), POSitive (Prfast™>Prsiow) and nega-
tive (@rrst<@rsiow) rate effects (see [41]). Tika et al ([41])
reported that mostly a negative rate effect is more pro-
nounced in soils of low to intermediate clay fractions (CF =
3 to 5%) and low to high plasticity (PI=10 to 37%). These
are soils mainly of turbulent and transitional shear mecha-
nism. Soils of sliding shear mechanism may exhibit either a
negative or a positive rate effect (Figure 22). They associ-
ated this effect with the increase of the water content and a
corresponding dilation of the shear zone.
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Figure 22. Variation of residual strength of cohesive soils
with rate of displacement (Tika et al , 1996)

4.4. Implications on slope stability analyses
The residual strength has been associated with:

o First-time slides: at the final equilibrium state the shear
strength along the slip surface is residual as large shear
strains have taken place. Tika et al ([41]) claim that if
the displacement rate effect on the residual strength is
positive, the slide moves slowly, while for a negative ef-
fect it moves fast.

e Reactivated landslides: they are in a limit equilibrium
state with constant strength (a small cohesion may also
be present), since the slow residual strength does not
change with displacement. For these cases a negative ef-
fect of the displacement rate may lead to catastrophic ve-
locities and large displacements ([41]). Often a human
intervention provides the situation for reactivation, which
is also strongly associated with piezometric level along
the slip surface. Typical examples are the Malakassa
landslide ([23]) and the Tsakona landslide (Figure 23,
[19], [39]). Slow creep displacements may result in
strain softening (however it is not brittle) and on pore
pressure accumulation.

The rate effect can be important on seismically loaded
slopes, especially for reactivated slides. Moreover, small
variations of the phreatic surface may critically influence
the stability of reactivated slides.

5. DESIGN FACTORS OF SAFETY FOR LIMIT EQUILIB-
RIUM ANALYSES

Concerning the operational strength for design of a natural
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or a cut slope on stiff clay, one has to answer the question:
is there any zone of weakness within the soil mass? This
investigation includes any pre-existing slip surface, fissuring
and weathering zone and is a requirement of BS 6031:2009
“Code of Practice for Earthworks” (see paragraphs 6.4.1.1
and 7.2.2 of BS 6031, [9]). If so, reduced shear strength
should be considered along these zones. For instance, a
reactivation mechanism should include residual strength
upon the slip surface. The shape and extend of any such
surface greatly influences the overall stability. The dis-
placement rate effect on residual strength may also be con-
sidered, especially for seismic loading. On the other hand, a
progressive failure check of first — time slides is usually not
taken into account, with an exception of the guidelines of
BS 6031: 2009, which recognizes the long term steady
state condition as the most critical one (Figure 7).

== ——

Figure 23. Reactivated Tsakona landslide ([19])

BS 6031:2009, which in Britain is supplementary to Euro-
code 7, makes a special note on the influence of brittle and
the progressive failure mechanism and the appropriate se-
lection of strength parameters. In paragraph 7.2.4.1 it
mentions that one should “first, establish the values of the
appropriate ground properties and second, select the char-
acteristic value as a cautious estimate of the value affecting
the limit state under consideration taking into account all
relevant information”.

Vaughan & Walbancke ([42]) have long recognized some
important sources of errors and uncertainties in limit equi-
librium analyses of long — term first — time slides on stiff
clays. The most important are the pore pressures distribu-
tion, the effects of fissures, the strength anisotropy, the
progressive failure mechanism of brittle clays and the strain
rate effect.

Recently, Chowdhury ([16]) presented an iterative proce-
dure on limit equilibrium analyses, which takes into account
the softening/weakening of the soil as it happens during the
progressive failure.

5.1. Design with Eurocode

The currently valid design standard for European Union
countries is the EN 1997-1:2004 Eurocode 7: Geotechnical
design - Part 1: General rules. Thirty national members
(the 27 EU countries plus three countries of the European
Free Trade Association) and 19 affiliates (non EU countries)
are part of the European Committee for Standardization
(CEN: Committé Européen de Normalisation) network.

Concerning the Balkans, Bulgaria, Croatia, Greece and Ro-
mania are national members and Albania, Bosnia and Her-
zegovina, FYR of Macedonia, Montenegro and Serbia are
affiliates. Moreover, Turkey is an affiliate. It is the respon-
sibility of the CEN National Members to implement Euro-
pean Standards as national standards and they have to
withdraw any conflicting national standards.
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Greece, as well as most of the national CEN members, has
chosen the design analysis 3 (DA 3) for the overall slope
stability calculations of natural or cut slopes, without struc-
tural elements. According to this:

The design strength parameters are:

e ca'=c/ym, tan(@d)=tan(Px’)/yYm, Cu,d=Cux/Ym

where the subscript k stands for representative values
and subscript d for design values
ym is partial factor of safety.

e For undrained conditions it is yw=1.40, while for drained
conditions it is yu=1.25.

e The partial factors, yg, for the actions are: a) yr=ys=1.0
for permanent loads and b) yr=yq=1,30 for unfavorable
or 0 for favorable loads for mobile loads.

5.2. DIN 1054

Germany adopted Design Approach 2. According to DIN
1054:2005 ([18]) Corrigendum 4:2008 the influence of the
weathering on rock or rock - like soils (e.g. stiff fissured
clays) shall be considered by reduction of the shear
strength parameters. For overall limit state stability (GZ
1C) (GEO-3) the design strength parameters are:

Ca'=C/Ye, tan@y'= tan(@«’)/ Yo, Cu,a=Cu/Yeu

where v, Yo and y, are partial factors of safety of strength
parameters:

e Load Case 1 (CA1+SC1, corresponds to the “persistent
design situation” according to DIN 1055-100:2001-03):
Yc=Yo=Yw=1.25 for strength parameters, yr=ys=1.0 for
permanent loads and yF=yQ=1,30 for unfavorable vari-
able actions.

e Load Case 2 (CA1+SC2 or CA2+SC1, corresponds to the
“transient design situation” according to DIN 1055-
100:2001-03): Yc=Yo=Y«.=1.15 for strength parameters,
Yr=Ye=1.0 for permanent loads and yr=yq=1,20 for unfa-
vorable variable actions.

e Load Case 3 (CA3+SC2 or CA2+SC3, corresponds to the
“accidental design situation” according to DIN 1055-
100:2001-03): Yc=Yo=Y«=1.10 for strength parameters,
Yr=Ye=1.0 for permanent loads and yr=yq=1,00 for unfa-
vorable variable actions.

In paragraph 12.3, DIN 1054:2005 states that in brittle
soils the possibility of progressive failure mechanism shall
be investigated. Moreover, it suggests that for slopes the
possibility of reactivation of geologically predetermined slip
surfaces shall be taken into consideration.

5.3. BS 6031 practice for long term stability

BS 6031 ([9]) distinguishes between the peak, the critical
state and the residual strength. It proposes a rule of thumb
that for plasticity index PI>25% the residual angle of
shearing resistance is ¢.~10° adopting a variation similar
to that of Bishop et al (1971) and Lupini et al (1981).

For fine soils with PI>25% and no preexisting relic shear
surfaces BS 6031 proposes to use design values based on
@'k, C'pk in conjunction with the partial factors of safety of
BS EN 1997-1:2004 and its National Annex. The critical
state strength parameters ¢.’, c.’ should be considered
when “significant displacements are likely to occur over the
design life of the slope”. If relic shear surfaces are present
BS 6031 suggests using the residual strength parameters
as the design values.

Concerning the design approaches, BS 6031 suggests DA1
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for overall stability, while DA2 must be also considered if
the external loads are expected to be critical. DA2 is usually
more critical and it also results in an overall FS=1.25 for
long term conditions.

With respect to reactivated slides, when design includes
residual strength parameters, BS EN 1997-1:2004,
11.5.1(8) states that partial factors normally used for over-
all stability need not be appropriate. BS 6031, proposes a
partial factor for the residual angle of shearing resistance,
¢y, about yy=1.1, provided that ¢,=0.

If the soil is brittle the careful consideration of the possibil-
ity of progressive failure is urged by BS 6031. The designer
is free to choose an appropriate approach.

6. CONCLUSIONS

The brittle behaviour of stiff natural clays manifests the
overall behaviour of natural and cut slopes. Plasticity and
clay fraction influence the brittleness, which greatly affect
the progressive failure mechanism, and the residual
strength, which is important for reactivated slides. Time
dependent softening and strain dependent weakening,
along with creep phenomena influence the strain softening
and the pore pressures. For normal slope design Eurocode
7 and national application documents propose partial fac-
tors ywm.

For first — time slides, the progressive failure mechanism of
cut slopes in stiff and fissured clays results in an average
operational strength along the slip surface lower than the
peak strength (c,s’, @ps’) due to soil’s softening and weak-
ening. Failure may take some decades to occur and this is
attributed mainly to the gradual pore pressure build up to-
wards the steady state condition and to the gradual soften-
ing of the soil ([15], [37], [42]).

The fully softened strength (cs’, @s") concept has been ap-
plied for the operational strength of these delayed failures
([35]), which is found to be close to the laboratory post -
rupture strength (¢, ®p'). Usually a small ¢’ value and a
®s' between @y’ and ¢ '@y applies on the actual slip
surface, which is not the critical slip surface that results
from a calculation with ¢/, @s'. As slope stability analyses
correspond to low confining stresses, values of post — rup-
ture strength cpr'=0 to 10 kPa and ¢, slightly higher than
P’ Or Qp’=@'=Pn’, could be adopted. Moreover, it is
reported ([12]) that the post-rupture strength is more pro-
nounced at low to moderate stress. For design of slopes
within brittle soils BS 6031 urges for the careful considera-
tion of the possibility of progressive failure, while DIN 1054
states that the possibility of progressive failure mechanism
shall be investigated. The designer is free to choose the
appropriate method, while no reference is made for the
required partial factors of safety.

Concerning reactivated slides, the residual strength pa-
rameters (¢, ¢.) apply on the slip surface. A small cohe-
sion lower than 5kPa may be taken into account, which can
be justified by the shear creep and the non - linear nature
of ¢/. The shear creep may induce a progressive type of
failure. Moreover, it has been reported that the stability of
reactivated landslides is very sensitive to small variations of
the phreatic surface ([19]). The pore pressure accumulation
due to creep could therefore become critical on some occa-
sions. For reactivated landslides, when design includes re-
sidual strength parameters, BS 6031 states that partial
factors normally used for overall stability (as the ones of
paragraph 5.1) need not be appropriate and proposes a
partial factor for the residual angle of shearing resistance,
@, about yy=1.1, provided that ¢,=0.

NOTATION

&q deviatoric strain (e.g. €,=2(&,-€,)/3 in triaxial device)
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&, volumetric strain (e.g. e,=(&,+2¢,) in triaxial device)
0, normal stress

T shear stress

¢, angle of interparticle friction

P critical state strength angle of shearing resistance
Pmax Maximum frictional resistance shearing resistance
CF clay fraction

C4, Pg design strength parameters: cohesion and angle of
shearing resistance

Ck, @k characteristic strength parameters: cohesion and
angle of shearing resistance

Cmob,; ®mob Mobilized or operational strength parameters:
cohesion and angle of shearing resistance

Cor, @pr post rupture strength parameters: cohesion and
angle of shearing resistance

Cos,; Pps peak strength parameters: cohesion and angle of
shearing resistance during slip formation

C:, @, residual strength parameters: cohesion and angle of
shearing resistance

¢, ®s fully softened strength parameters: cohesion and
angle of shearing resistance

e voids’ ratio

FS factor of safety

LL liquid limit

M critical slope

NC normally consolidated

PI plasticity indes

p mean effective stress (e.g. p=(0,+20,)/3 in triaxial de-
vice)

g deviatoric stress (e.g. g= 0,-0, in triaxial device)
SCL sedimentation compression line

v specific volume (v=1+e)
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Exposed Aggregate Concrete Pavement Design,
Construction, and Functional Performance: A
comparison of European and US experiences

R. Rasmussen, S. Garber, H. Sommer, E. Cackler, A. Gisi
and G. Fick

ABSTRACT

In 2006, a group of highway agency and paving industry
representatives from the USA visited Europe in search of
current practices for the design, construction, maintenance,
and rehabilitation of concrete pavements. In every country
visited, examples of exposed aggregate concrete were
demonstrated. While not a new discovery, the discussions
did invoke a renewed interest in this technology. In 2007, a
follow-up tour of Europe was conducted, where texture and
noise measurements were conducted using the same tech-
nologies as those commonly used in the USA for these pur-
poses. From this, the functional performance of exposed
aggregate pavements was compared to that of surface tex-
tures commonly constructed in the USA.

More recently, a large collaborative effort has been initiated
by the U.S. Department of Transportation Federal Highway
Administration, the National Concrete Pavement Technology
Center, and numerous other partners both in the USA and
in Europe. The objective is to conduct field demonstrations
of exposed aggregate and two-lift concrete pavement tech-
nologies in the USA. In 2008, the first large scale demon-
stration project under this initiative was constructed in the
State of Kansas.

From these various activities, it can be concluded that ex-
posed aggregate concrete pavement surfaces are viable for
use in the USA under certain circumstances. Furthermore,
there is the possibility of applying lessons learned in the
USA on projects in Europe. The net result is a global tech-
nology exchange where both partners can benefit.

KEY WORDS : exposed aggregate, two lift, noise, texture,
friction, functional performance

1. INTRODUCTION
1.1. Functional Demands of our Roadways

When most pavement engineers think of performance,
chances are they will default to how a pavement fails in
terms of cracking or faulting. When viewed over time, these
types of observations are an indication of the structural
performance of a pavement.

If the same question is asked of the public, however, they
will often cite different things. They will mention how rough
a road is, or possibly how safe they “feel” in a rainstorm, or
even how loud a pavement is. These indicators, in part,
define the functional performance.

Generically, the performance of a pavement can be de-
scribed by its long-term response to imposed loads and
environmental influences. However, there is a distinction
between structural and functional performance. The former
describes the load carrying capacity of the pavement while
the latter is an indicator of how the pavement can affect the
human experience or address societal demands.

Functional performance includes things such as smooth-
ness, friction, noise, splash & spray, surface drainage, and
rolling resistance. Other characteristics include tire wear,
vehicle wear, and reflectivity & illuminance. Affecting these
surface characteristics are numerous pavement properties,
with the most important being surface texture. These
“bumps and dips” in the road range in size from long rolling
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undulations to asperities that cannot be seen with the na-
ked eye. Other important pavement properties include the
degree of permeability and porosity, cross-slope, and me-
chanical impedance (stiffness). Even the color of the sur-
face will also affect some surface characteristics both di-
rectly and indirectly.

1.2. European-US Collaboration

In 2006, a group of highway agency and paving industry
representatives from the USA visited Europe in search of
current practices for the design, construction, maintenance,
and rehabilitation of concrete pavements (Hall et al., 2007).
In every country visited, the importance of functional per-
formance was stressed, and in response to these needs,
examples of exposed aggregate concrete (EAC) pavements
were commonly demonstrated. While not a new “discov-
ery”, the discussions did invoke a renewed interest in this
technology, citing similar findings from a similar tour in
1992 (Darter et al., 1992).

As a result of this trip, the final report recommended fur-
ther evaluation of this technology in USA (Hall et al., 2007).
In 2007, this began with a follow-up tour of Europe where
texture and noise measurements were conducted using the
same technologies as those commonly used in the USA for
these purposes. During this tour, there was collaboration
with many of the same countries that were visited the year
prior; namely, Austria, Belgium, the Netherlands, and Ger-
many.

At the same time, planning began for construction of a two-
lift concrete paving project in the State of Kansas that
would employ - in part — an EAC surface. As part of this
effort, additional connections were made with concrete
pavement experts in the USA and Europe, and the specific
design, materials, and construction techniques were “trans-
lated” (CP Tech Center, 2010). Not surprisingly, this proved
difficult in some instances due to differences in the avail-
ability and evaluation of materials between the two conti-
nents. Still, the project in Kansas was successfully con-
structed in 2008.

1.3. Definition of Exposed Aggregate Concrete

Exposed aggregate concrete is a technique for surfac-
ing/texturing concrete pavements where the mortar frac-
tion in the vicinity of the surface is intentionally removed to
leave the larger aggregates exposed, and thus to serve as
the contact surface for traffic.

While not necessary, EAC surfaces are commonly con-
structed using a two-lift “wet on wet” paving process. The
top layer thickness typically ranges from 38 to 70 mm (Ho-
erner and Smith, 2002), and the mix contains fine siliceous
sand and - more importantly — a high-quality coarse ag-
gregate with an maximum size typically ranging from 4 to
12 mm (Buys, 2004). Because these high quality materials
come at a premium (high cost), the use of a two-lift paving
process becomes economically viable. Aggregates used in
the lower layer of the pavement can be of lesser quality
(e.g., lower abrasion resistance), and commonly include
recycled materials that help reduce the overall cost of the
concrete.

1.4. Why EAC are a Viable Solution

When designed and constructed properly, EAC surfaces
results in a hard and durable stone wearing surface. When
sized properly as well, the resulting surface can meet or
exceed a number of critical functional performance criteria
including noise, friction, and splash & spray, among others.
Reinforcing this is decades of successful use of this surfac-
ing, with ample field observations to adjust the materials
and process in order to approach a more optimized method.
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2. USE OF EAC
2.1. Construction Methods

The EAC surface is commonly constructed by applying a
set-retarding agent to the newly placed concrete pavement.
After some time has passed (typically up to 24 hours), the
surface mortar is brushed away from the top of the pave-
ment, exposing a surface of durable aggregates. If brushed
at the proper time, no water will be needed during brush-
ing, and excess dust will not be generated.

When designed and constructed correctly, EAC pavements
will result in a uniform surface of aggregate particles that
are closely spaced and embedded to a depth sufficient for
their retention during subsequent trafficking. The character-
istics of such a surface often result in lower noise, improved
friction, and durability equal to that of conventional con-
crete pavement texture (Sandberg and Ejsmont, 2002;
Hoerner and Smith, 2002; van Keulen and van Leest, 2004;
Rens et al., 2004).

To be successful, however, the EAC requires a high-quality
concrete. A maximum water-tocement ratio of 0.38 has
been cited, along with a minimum cement content of 450
kg/m3 (Sandberg and Ejsmont, 2002). A plasticizer and air
entrainer are specified in order to achieve workability and
durability. Polish-resistant aggregates should be used with
polished stone values (PSV) over 50 (Sulten, 2004; Teuns
et al. 2004; Fults et al., 2004).

2.2. EAC in Europe

The use of EAC surfaces in Europe is widespread. Arguably,
the most experience with these surfaces is found in Austria
and Belgium, however, projects can be found in numerous
other countries. Exposed aggregate concrete has also been
used in other parts of the world including, but not limited
to, Australia, Canada, and the USA.

The Dutch province of Noord-Brabant conducted a study to
determine the surface characteristics of EAC pavements
(Teuns et al., 2004). Various aggregates, texture depths,
curing compounds, and concrete finishing techniques were
used in the study to determine the combinations that pro-
vided optimal performance. Two Dutch aggregates, a Dutch
stone and Grey Quartzite, were used in the study; the Grey
Quartzite possessed a higher polished stone value than the
Dutch stone aggregate. Several texture depths were evalu-
ated, with the standard depth considered to be one-quarter
of the maximum aggregate size. Different retarding agents
were evaluated, including lemon and other acid solutions,
along with various combinations of retarding agents and
curing compounds. One- and two-layer paving systems, as
well as a super smoother (finisher), were also evaluated in
the study.

Several key measurements and observations were made
after construction. For example, it was concluded that tex-
ture depth is increased when a super smoother is used with
a maximum texture depth of 1.8 mm when used, compared
to 1.1 and 1.6 mm when not. The selection of the retarding
agent did not appear to make a difference on the results,
but it was concluded that lower noise levels were measured
when smaller maximum aggregates were used.

In a different test conducted by the Swedish National Road
Administration, several concrete and asphalt pavements
were tested for abrasion resistance, friction, and noise un-
der heavy traffic (Hultqvist and Carlsson, 2004). The test
sections, comprised of both jointed plain and continuously
reinforced concrete pavement, were constructed with EAC
surfaces to minimize noise levels. Two different maximum
aggregate sizes were used in the design of the concrete
pavements, 8 and 16mm. Noise was measured using the
close proximity (CPX) method.

In comparison to the asphalt pavements constructed on the
same job, initial tests revealed that the EAC pavements
with 16-mm and 8-mm stones provided noise levels that
were 1.0 to 1.5 dBA and 3.0 to 3.5 dBA lower, respectively
(Hultgvist and Carlsson, 2004). The noise emissions of the
16-mm EAC and HMA sections were found to be identical
after one year. However, the 8-mm EAC section actually
produced quieter noise levels after one year. Four years
after construction, the noise levels from all of the pave-
ments had increased an additional 0.5 to 1.2 dBA.

When EAC surfaces are used in Austria, a combination sur-
face retarder and curing compound is commonly applied
immediately after placement. The uniformity of application
is critical to achieving an optimum surface. The automated
equipment used for this purpose is illustrated in Figure 1
(left). In the Netherlands and Belgium, a technique employ-
ing a plastic film applied to the fresh concrete is common.
This is shown in Figure 1 (right).

Figure 1 — Applying surface retarder and curing compound
(left) or plastic film (right)

Sawcutting operations for EAC proceed using the same ac-
cepted practices as for conventional concrete paving. The
degree of set and anticipated weather are key considera-
tions in this timing. This is shown in Figure 2. The brushing
operation that is most often used to remove the surface
mortar is also a function of the degree of set of the con-
crete. Timing of this operation is critical, and is often de-
termined on test strips well in advance of the paving. Vari-
ables that affect the timing of strength gain (e.g., cold
weather) will also affect the ideal time for brushing, so
measures are taken to gauge the sensitivity of these vari-
ables to the timing of the brushing. A close-up of the brush-
ing technique that is commonly used is shown in Figure 3
(note that a power brush can also be seen in the back-
ground of Figure 2).

Figure 2 - Sawcutting operations followed by brushing for
surface mortar removal

The appearance of the final EAC surface will depend on the
type of coarse aggregate used, the size of the aggregate,
and the timing and thus depth of mortar removal. Typical
EAC surfaces photographed from pavements in Belgium and
Austria are shown in Figure 4 and Figure 5.
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Figure 5 - EAC pavement in Austria

2.3. EAC in North America

Although EAC pavements are commonly used in European
countries, the technique has not been routinely used in the
United States. Two such projects have recently been re-
ported in Quebec (Thebeau, 2004).

Until recently, the only large-scale EAC pavement project in
the United States was completed in 1993 on Interstate 75
in downtown Detroit, Michigan (Hoerner and Smith 2002;
Kuemmel et al. 2000; Weinfurter et al., 1994; Smiley
1995; Smiley 1996; Smith 2001). This project aimed to
demonstrate the effectiveness of the EAC paving concept
along with other technologies identified during the 1992
European Scanning Tour on Concrete Pavements (Darter et
al., 1992).

The EAC pavement was comprised of a 250-mm jointed
concrete pavement constructed in two lifts. The top layer of
the pavement was 65 mm thick with polish-resistant aggre-
gates, and the bottom layer was 190 mm thick with con-
ventional aggregates (Kuemmel et al. 2000; Weinfurter et
al., 1994). The lifts were bound using a “wet-on-wet” pro-
cedure. A conventional jointed reinforced concrete pave-
ment was constructed nearby as a basis for comparison,
textured with transverse tines spaced 25 mm apart
(Kuemmel et al. 2000; Weinfurter et al., 1994).

Both sections were tested for friction and tire-pavement
noise levels. While there was not much difference in friction
levels between tests conducted one year and five years
after construction, the EAC pavement did not measure well
for noise (Kuemmel et al. 2000; Smiley 1995; Smiley
1996). The section provided a reduction of only 0.4 dBA in
exterior noise levels.

Researchers believe that the disappointing values may have
resulted from too much macrotexture on the EAC surface,
combined with excessive spacing between the coarse ag-
gregate particles. This excessive spacing was a result of
large sand particles. Researchers subsequently advised that
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sand particles larger than 1 mm should be eliminated from
the top layer of concrete (Smith 2001).

3. NOISE INTENSITY TESTING IN EUROPE (NITE) II

In 2004, Dr. Paul Donavan of Illingworth & Rodkin was
asked by both the California Department of Transportation
(Caltrans) and FHWA to conduct a survey of European
pavements using a tirepavement noise measurement tech-
nique termed On-Board Sound Intensity (OBSI) (Darter,
1992;

Hall et al., 2007). The test program was termed Noise In-
tensity Testing in Europe (NITE), and included measure-
ments on over 60 unique test surfaces. Dr. Donavan re-
ported that while there were measurements on a number of
exceptionally quiet surfaces, many of the surfaces had lev-
els that are comparable to similar pavements found in the
USA (Darter, 1992).

In a parallel effort to help address the noise issue, Iowa
State University in 2003 initiated what is now the National
Concrete Pavement Technology Center, facilitating a broad
industry coalition formally designated as the Concrete
Pavement Surface Characteristics (CPSC) Program (Cackler
et al., 2004). This partnership includes the FHWA, American
Concrete Pavement Association (ACPA), and now various
State Departments of Transportation (DOTs) through part
of a pooled fund study. Numerous other private and public
sector partners are also involved in varying capacities. To
date, the major work element of this program has been a
comprehensive field experiment (Ferragut et al., 2007).
Included has been testing of over 1500 unique test sections
representing approximately 500 nominal textures, each
evaluated for noise, texture, friction, and other relevant
measures.

One of the goals of the CPSCP is to, “develop and evaluate
innovative construction techniques that have the potential
to significantly reduce noise.” (CP Tech Center, 2005) To
address this, the work conducted by Dr. Donavan was built
upon under a program termed NITE II where a more tar-
geted evaluation of European quieter pavement technology
was conducted.

The NITE II testing was conducted in 2007 and included
testing in Austria, Belgium, the Netherlands, and Germany.
Visits were made to each of these countries during the
2006 concrete pavement scan tour, and as such recent con-
tacts were made with the local transportation authorities as
well as the concrete industry (Hall et al., 2007).

Most of the concrete pavements selected were textured
with EAC. In the countries that were visited, this is the
most commonly used technique for concrete pavement tex-
turing, and has been reported by some as “whisper con-
crete”, which at the very least should underscore its per-
ception when compared to older techniques for concrete
pavement surfacing (Sandberg and Ejsmont, 2002).

As part of NITE II, 18 sites were visited with six in Austria,
three each in Belgium and the Netherlands, and six in Ger-
many. Since many of the sites had multiple test sections
(unique nominal surfaces), a total of 68 test sections were
evaluated totaling nearly 20 km in length. Sixteen of the
test sections were EAC, with 6 in Austria, 3 in Belgium, 1 in
the Netherlands, and 6 in Germany.

3.1. Measurement Scope and Methods

Testing for OBSI adhered to the specification AASHTO TP
76-08 (AASHTO, 2008). As illustrated in Figure 6, the test
vehicle used for the testing was an Opel Zafira. Except
where safety did not permit it, all testing was conducted
while operating at 97 km/hr (60 mph).
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Figure 6 — OBSI bracket and test vehicle (Opel Zafira)

In addition to OBSI, texture testing was conducted using
RoboTex, an innovative threedimensional texture meas-
urement system developed in 2005 (Ferragut et al., 2007).
Illustrated in Figure 7, RoboTex was developed as a device
to establish a better balance between data resolution and
efficiency in data collection. It is built around a LMI-Selcom
RoLine line laser sensor, and fixed atop a remote-controlled
robotic chassis. As a texture profiler, it meets Class CE de-
vice requirements per ISO 13473-3 (ISO, 2002).

Figure 7 - RoboTex three-dimensional pavement texture
measurement system

Since RoboTex evaluates texture in three dimensions, cal-
culations are made in both the longitudinal and transverse
directions. Differences in the texture in both directions are
readily apparent for conventional US textures such as tining
and grinding (see Figure 8). Surfaces such as EAC are more
isotropic, which means that the texture characteristics in
both directions are very similar. Subtle differences are still
important, however, and can often be related to specific
methods in construction/texturing (Rasmussen, 2008).

Figure 8 — RoboTex

texture profile samples
for longitudinal tining, b b b

diamond grinding, -
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3.2. Measurement Results in Europe

In October 2007, the testing began in Austria, proceeded to
Belgium, to the Netherlands, and concluded in Germany.
The project sponsors and others involved in the study were
constantly updated via an Internet "blog" site at
www.surfacecharacteristics.com. This is portal provided
quick releases of data that allowed for suggestions to be
made in time to potentially incorporate them into the test
program. In the following sections, a summary of the key
observations at each of the countries is made.

3.3 Austria

Six unique EAC surfaces were evaluated in Austria. One was
on A2 just south of Vienna which was a location that was
visited by the 2006 scan tour, and where subjective obser-
vations were made of the relatively quiet pavement. The
remaining sections are located at various points along the
Al highway, which travels the length of Austria, linking
Vienna and Salzburg. Maximum aggregate sizes of 8 and 11
mm have both been used routinely, along with other sub-
tleties in the mix design. All of the surfaces were between 4
and 15 years old when evaluated, and as principal motor-
ways in Austria, have been subject to very heavy traffic.

As Figure 9 illustrates, testing of the six surfaces revealed
OBSI levels that were all approximately the same, ranging
from 104.5 to 105.8 dBA (ref 1 pW/m2). The spectral con-
tent of the OBSI levels is interesting, however, as it is well
distributed across three or four third-octave bands. This is
compared to many pavements in the US that have charac-
teristic peaks at 800 or 1000 Hz, with much lower levels at
other bands (Ferragut et al., 2007). To illustrate this, typi-
cal spectra for a transversely tined pavement in the US with
25 mm spacing is shown. From a psychoacoustics perspec-
tive, the more broadband nature of this source could ac-
count for the more “pleasing” nature of these pavements
compared pavements measured to have more tonal content
(Zwicker and Fastl, 1999).

Figure 9 - OBSI overall ;= = _ .
levels and spectral con- ! i | Y ot
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3.4. Belgium

In Belgium, the first EAC that was evaluated was along a
test site including a series of pavement sections con-
structed in 1995 (Flemish, 1997). The objective was to
evaluate the effectiveness of two quiet concrete pavement
alternatives: a “fine” EAC surface consisting of 7 mm
maximum aggregate size, and a porous concrete. These
were constructed end-to-end with four asphalt surfaces
including a dense-graded HMA, porous asphalt, and two
SMA’s. The results of the measured OBSI levels for each of
these sections can be found in Figure 10. As expected,
there have been significant changes to the levels - on a
relative basis — since the early measurements collected by
the sponsors (Flemish, 1997).

Figure 10 - Overall OBSI
levels for Belgium test
sections

To the right of this figure are the results of two very differ-
ent EAC surfaces found on the N49 (E34). The BEO2 section
consisted of a 20 mm maximum aggregate size, while the
BEO3 was constructed with 6 mm. Photographs of these
two sections can be seen in Figure 11. The finer texture of
the 6 mm aggregate is the likely contributor to the lower
noise level. Assuming that the durability or friction of this
surface is not compromised, this is a promising surface for
EAC as it has a much lower level than other EAC measured
throughout Europe.
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Figure 11 - Photographs of the BE-02A (left) and BE-03A
(right) test sections

3.5. The Netherlands

In the Netherlands, the first two test sites measured con-
sisted of one nominal surface each. The EAC surface re-
vealed a level that was within the range of those measured
in Belgium. Figure 12 shows this level compared to a po-
rous concrete surface constructed on a pavement system
called Modieslab, developed as a result of the Dutch Roads
to the Future program, and reported on by the recent scan
tours (Hall et al., 2007; Fults, 2005). The IPG test track
near Kloosterzande was also evaluated while in the Nether-
lands, however the results are not given herein.

Figure 12 - Overall OBSI
levels of two test sections
in the Netherlands
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3.6. Germany

Eleven surfaces at five locations were evaluated in Ger-
many. Two of these locations had additional opportunities
to evaluate different nominal pavement surfaces end-to-
end. On the B56 near Diren, four concrete pavement tex-
tures were evaluated that were also evaluated under NITE
I. The resulting OBSI levels are shown in Figure 13.

Figure 13 - Overall TR E
OBSI levels for two i: I /
German test sites BN 2.8 3

On the test section along the A4 near Réhe, the two most
commonly used texturing techniques for German concrete
pavements are found - EAC (which is increasing in use),
and burlap drag (until recently, the standard texture). As
shown to the right of Figure 13, the OBSI level measured
on the drag surface is found to be 1.4 to 2.3 dB lower than
that on the EAC. It is possible, however, that the EAC found
on this section is higher than typical for German practice,
since the other sections measured on the GE-01 test site
measured at 102.9 dBA (ref 1 pW/m2).

4. RECENT FIELD TRIAL OF EAC IN KANSAS (USA)

In 2008, a project was constructed in the State of Kansas,
in Saline County, where two-lift concrete pavement con-
struction was used in lieu of conventional single lift con-
struction (CP Tech Center, 2010). As part of this project, a
premium coarse aggregate was used in the surface course,
and EAC used for approximately 1 km of surface, 2 lanes
wide. The project was constructed along a major rural
highway, Interstate 70. However, to help mitigate some of

the risk involved, a test section was first constructed on a
small road in another part of the state.

4.1. Design and Materials

The State of Kansas does not contain any approved sources
of aggregate that are suitable for EAC surfaces. As such,
rhyolite aggregate had to be imported from 550 km south
in the State of Oklahoma. Because this required transport
by truck, the additional cost was significant. Furthermore,
while the material was of better quality than that locally
available, it still did not meet the stringent requirements
commonly cited from European specifications (FSV, 2007).
For example, the PSV was 30 to 35, compared to a speci-
fied minimum of 50. The other aspects of theconcrete mix-
ture and design were targeted using guidance provided by
the Austrians (FSV, 2007).

4.2. Construction

The pavement was constructed with equipment commonly
used for conventional paving in the USA. One significant
difference was the simultaneous use of two pavers that
were responsible for the placement of the bottom and top
lifts, respectively. The bottom lift was designed as 300 mm
thick, and the surface course was nominally 40 mm. How-
ever, during construction, there was significant variation in
the thickness of the surface layer. In some cases, the sur-
face course was considerably thicker than nominal - up to
100 mm. This possibly indicates displacement of the under-
lying concrete as the second lift is being placed.

The EAC was created by applying a surface retarder imme-
diately after placement. Polyethylene sheeting was then
applied for the 5 to 6 hours of curing that was typical prior
to brushing the concrete. The sheeting was removed in 30
m segments, and the brushing was conducted with two
power brooms with wire bristles. After brushing, a wax-
based curing compound was applied, and sawing of the
joints proceeded at a time that was appropriate to minimize
the potential for uncontrolled transverse cracking.

4.3. Surface Characteristics Measurements

Noise, texture, and friction measurements were collected
on the various pavement surfaces along the project shortly
after construction, and once again after the first winter had
passed. Figure 14 illustrates the results of the noise testing,
conducted with the OBSI technique. In this figure, the EAC
results are shown on the right for three different times, and
can be compared to the other textures used on this project
including various combinations of drag, longitudinal tining,
grooving, and diamond grinding. From this figure, it can be
seen that the EAC is similar in level to other conventional
textures. e e
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5. COMPARISONS OF EAC IN EUROPE AND USA

Figure 14 - Overall
OBSI levels for Kansas i
test sections ;.
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5.1. Design and Materials

From the Kansas project, and as part of discussions with
other owner-agencies in the USA, it appears that one of the
most difficult challenges in the use of EAC in the USA is the
availability of suitable quality aggregates. While the USA
does have numerous sources of qualifying material, they
are isolated in select areas, and transport of these materi-
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als to distant projects becomes economically disadvanta-
geous.

There will also be difficulty in overcoming the institutional
inertia present in the US paving industry. Innovation will
often only happen when the owner-agency and the contrac-
tor are both supportive. Furthermore, initial costs will be an
overwhelming motivator to change, which can be difficult to
justify in surface texture, considering that the EAC will be
significantly more expensive than conventional texturing
practices.

5.2. Construction

The placement technique used on the Kansas project was
similar to projects that are constructed in Europe. Two
pavers were supplied with concrete manufactured at the
same batch plant. To minimize confusion upon delivery of
the concrete, a simple “colored placard” system was used -
at the batch plant, by the truck driver, and at the point that
the concrete is placed into the paving train.

One notable difference was the absence of transverse
waves that in the European operations are commonly pro-
duced by an oscillating transverse beam. The waves are
partly filled with mortar by the longitudinal smoother, and
are exposed again during the brushing process. This is
likely exacerbated by the use of a gap-graded mixture with
a considerable mortar fraction that can be separated by
these actions.

The most interesting and relevant difference in the typical
European projects and that in Kansas is the orientation of
the crushed surfaces of the aggregates. As shown in Figure
15, the aggregates were typically aligned with a “flat” face
oriented parallel to the pavement surface. It has been re-
ported that an as-constructed aggregate structure that re-
sults in a “plateau with gorges” texture will prove quieter
than a texture with “peaks and valleys” (Sulten, 2004).

Figure 15 - As-constructed EAC surface on Kansas project

The cause of this is still being debated, but one hypothesis
is the use of the smoothers (or lack thereof in the USA).
Another is the type of vibrators used in the Kansas project
versus those commonly used in Europe.

5.3. Surface Characteristics

There is extensive use of EAC in Austria and elsewhere in
Europe. Over the years, many refinements have been made
to the surface in order to balance safety (measured by tex-
ture depth and friction), durability, cost, and in recent
years, noise. Also of importance is the durability of the sur-
face over time.

Figure 16 illustrates a number of concepts. First, the vari-
ous “bell curves” shown on this plot represent normalized
distributions of the various concrete pavement textures
commonly used in the USA. The heavier line represents the
normalized results of the various EAC sections evaluated in
Europe, Canada, and previously in the USA (State of Michi-
gan). The arrow identifies the noise level that was initially
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measured on the EAC in the State of Kansas, and repre-
sents one of the quietest of all EAC surfaces evaluated
using OBSI.
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Studies have shown that the use of smaller aggregates in
the concrete at the surface provided better noise reduction
levels (Sandberg and Ejsmont 2002; Hultqvist and Carlsson
2004; Teuns et al., 2004; Fults et al., 2004). However, the
comparison between the Kansas project and other projects
in Europe did not reinforce this observation. Instead, the
geometry of the texture previously described is the likely
factor that led to differences in the noise levels.

A key consideration, however, is the durability of the
pavement texture. As Figure 14 illustrates, there are al-
ready some changes in the measured noise levels after one
winter maintenance cycle.

Additional changes in the texture and noise are expected in
the years to come. That said, projecting the current noise
levels of the various European pavements back to a “year
zero” condition still reveals that the Kansas pavements are
generally quieter. The functional performance of the pave-
ment must be tracked in the coming years in order to verify
that the texture is not changing at an exceptionally high
rate.

6. CONCLUSIONS
6.1. What can the USA try next?

The 2008 demonstration project in Kansas has spurred in-
terest in this technology in the USA. Since that time, there
have been numerous discussions about additional projects
in Kansas and other states including Georgia and California,
among others.

In the USA, the potential for noise reduction is a commonly
cited benefit of EAC surfaces. However, as the data col-
lected on more conventional concrete pavement surfaces
has shown, this alone cannot be a reason to employ this
technique. An emphasis on the durability of the surface
must be considered as well... not only for acoustical durabil-
ity, but for other functional performance indicators includ-
ing friction and splash & spray.

As additional projects are tried, additional variants of the
technique should also be tried, including more optimization
of concrete mixtures and use of combination surface re-
tarder/curing compounds.

6.2. What can Europe try next?

There continues to be interest in the project in Kansas by
the international community.

Representatives from various European nations have visited
the project since 2008 to make firsthand observations of
the as-constructed surfaces. During these visits, the dialog
continues about the particulars of the project with the Kan-
sas Department of Transportation, Koss Construction, and
Guntert & Zimmermann.

From these discussions, alternatives to some of the con-
struction practices commonly used in Europe are being pro-
posed. For example, the paving equipment used on the
Kansas project did not employ an oscillating transverse
beam or a longitudinal smoother, and thus had the poten-
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tial for fewer disruptions and more uniformity in the paving
concrete. Furthermore, the specific vibrators used in Kansas
were also identified as a potential factor contributing to the
resulting surface.

As these and other potential differences are identified, it is
possible that further refinement and optimization can be
made of the decades-old practice of using EAC surfaces in
Europe.

REFERENCES

AASHTO (2008), “Measurement of Tire/Pavement Noise
using the On-Board Sound Intensity (OBSI) Method”, TP
76-08.

BUYS, R. (2004), Telephone conversation. Robuco, N.V.

CP TECH CENTER (2005), “PCC Surface Characteristics:
Tire-Pavement Noise Program Part 3: Innovative Solu-
tions/Current Practices,” Problem Statement, National Con-
crete Pavement Technology Center, Pooled Fund TPF-
5(139).

CP TECH CENTER (2010) “Resources on Two-Lift Paving
Construction” National Concrete Pavement Technology Cen-
ter web page, http://www.cptechcenter.org/projects/two-
lift-paving, Last Accessed 15 March 2010.

DARTER, M. (1993), “Report on the 1992 U.S. Tour of
European Concrete Highways,” Federal Highway Admini-
stration, FHWA-SA-93-012, Washington, DC.

DONAVAN, N. (2005), “Comparative Measurements of
Tire/Pavement Noise in Europe and the United States: a
Summary of the NITE Study”, California Dept. of Transpor-
tation.

DONAVAN, N and RYMER, B. (2004), “Quantification of
Tire/Pavement Noise: Application of the Sound Intensity
Method,” Proceedings of Inter-Noise 2004, Prague, the
Czech Republic.

FERRAGUT, P. et al. (2007), “Concrete Pavement Surface
Characteristics Program Part 2: Preliminary Field Data Col-
lection,” National Concrete Pavement Technology Center
Report DTFH61-01-X-00042 (Project 15, Part 2).

FSV (2007), “Concrete Pavements - Pavement Construc-
tion”, RVS 08.17.02.

FULTS, K.W., et al. (2004), “Quiet Pavement Systems,”
Austin, TX: The Center for Transportation Research, Univer-
sity of Texas at Austin.

HALL, K. et al. (2007), Long-Life Concrete Pavements in
Europe and Canada, Federal Highway Administration,
FHWA-PL-07-027, Washington, DC.

HULTQVIST, B.A., and CARLSSON, B. (2004), “Test Sec-
tions of Rigid and Flexible Pavements,” Ninth Symposium
on Concrete Pavements, Istanbul, Turkey.

HOERNER, T.E., and SMITH, K.D. (2002), “PCC Pavement
Texturing: Effects on Tire-Pavement Noise and Surface Fric-
tion,” Federal Highway Administration, Washington, D.C.

ISO (2002), “Characterization of pavement texture by use
of surface profiles — Part 3: Specification and classification
of profilometers,” ISO 13473-3.

KUEMMEL, D.A. et al. (2000), “Noise and Texture on PCC
Pavements: Results of a Multi-State Study,” Final Report,
WI/SPR-08-99, Department of Transportation and FHWA,
Madison, WI: Wisconsin.

TA NEA THZ EEEEI'M - Ap. 42 — AEKEMBPIOZ 2011

FLEMISH (1997), “Test Sections of Noiseless Cement Con-
crete Pavements,” Ministry of the Flemish Community.

CACKLER, E.T. et al. (2006), “Concrete Pavement Surface
Characteristics: Evaluation of Current Methods for Control-
ling Tire-Pavement Noise,” Final Report of FHWA Coopera-
tive Agreement DTFH61-01-X-00042, Project 15.

RASMUSSEN, R. (2008), “How to Reduce Tire-Pavement
Noise: Better Practices for Constructing and Texturing Con-
crete Pavement Surfaces, Draft Report, National Concrete
Pavement Technology Center.

RENS, L., C. et al. (2004), “Sustainable Road Building with
Low-noise CRCP on Belgian Motorways,” Ninth Symposium
on Concrete Pavements, Istanbul, Turkey.

SANDBERG, U. and EJSMONT, J. (2002), “Tyre/Road Noise
Reference Book,” Informex, Handelsbolag, Sweden.

SMITH, K.D. (2001), “Status of High Performance Concrete
Pavements,” Report FHWA-IF-01-025, Federal Highway
Administration, Washington, D.C.

SULTEN, P. (2004), “Skid Resistant, Noise Reducing Con-
crete Roads,” Ninth Symposium on Concrete Pavements,
Istanbul, Turkey.

TEUNS, K.C. et al. (2004), “Full Scale Pavement Tests of
Exposed Aggregates: Acoustical Aspects and Friction Char-
acteristics,” Ninth Symposium on Concrete Pavements, Is-
tanbul, Turkey.

THEBEAU, D. (2004), “Chemical Stripping Like Technique of
Texturization of the Cement- Concrete Surfacings to Que-
bec Transport: Initial Results,” (English translation).

VAN KEULEN, W. (2004), “Silent Roads for Cost Effective
Noise Reduction,” ECO Services International.
http://www.eco-web.com/editorial/00645.html.

VAN KEULEN, W., and VAN LEEST, A.J. ( 2004), “The
Acoustical Properties of Optimized Exposed Aggregate Con-
crete in the Netherlands,” Ninth Symposium on Concrete
Pavements, Istanbul, Turkey.

WEINFURTER, J.A. et al. (1994), “Construction of European
Concrete Pavement on Northbound 1-75 - Detroit Michi-
gan,” Report R-1333, Federal Highway Administration,
Lansing, MI: Michigan Department of Transportation.

ZWICKER, E. and FASTL, H. (1999) “Psychoacoustics: Facts
and Models,” Springer Series in Information Sciences, vol.
22.

http://www.worldhighways.co.uk/2011/04/07/exposed-
aggregate-concrete-pavement-design-construction-and-
functional-performance-a-comparison-of-european-and-us-
experiences

ZeAida 26



Don’t take risks: Consider Mining Geotechnics

Tony Meyers, Vice President (Australasia), International
Society for Rock Mechanics and Principal, Rocktest Consult-
ing, Australia

This century has seen, and will continue to see, significant
changes in the size and operation of pits throughout the
world. Contributing to these changes has been the increas-
ing demand for minerals as populations increase. Over the
same period, there has been a significant reduction in the
rate at which many mineral resources are being discovered,
especially at shallow depths. When they are discovered,
alternate land use requirements and environmental pres-
sures often made it difficult to convert the resources into
reserves. These issues have been fundamental drivers for
existing and proposed pits going deeper. New technologies
and techniques can make doing so cost effective. However,
going deeper can introduce new geotechnical issues for
operators.

GroundProbe SSR (Slope Stability Radar)

Historically, these issues may only have been considered
when a pit was initially designed and/or if pit wall instability
occurred. However, in the past decade, increasingly regu-
lated safety requirements have been forcing operators to
take an ongoing riskbased approach to pit wall design and
management. In addition, financial pressures have
strengthened the link between the economics of a mining
operation and the geotechnical risks associated with it. This
article considers some of the geotechnical issues an opera-
tor must consider to address these challenges.

The mass of rock within which every pit slope is excavated
is a complex system involving many characteristics that
vary significantly throughout the mass. These characteris-
tics include rock strengths and deformability, groundwater
pressures and the locations, orientations, spacings and
sizes of joints, faults, shears and foliation. However, we can
never know what these characteristics are at any location
as we cannot test or even see every rock behind a slope.

Changes in many of these characteristics influence other
characteristics. For example, vibrations from blasting or
natural weathering can open cracks in benches, which can
allow groundwater to permeate into the mass, which can
produce pressures within the cracks, which can reduce the
strengths of the cracks, which can cause the cracks to
open, which can allow more water into the cracks. This
process, referred to as coupled behaviour, can repeat itself
until an instability develops.

The combination of these characteristics makes pit slopes
conducive to unpredictable behaviour. As a site’s slopes
increase in height, this unpredictability presents increasing
challenges for the operators of the site as the frequency of
slope instability will often increase.

These challenges are compounded by financial pressures on
operators: The pressure to increase batter angles and/or
reduce berm widths can result in a reduction in pit wall sta-
bility and an increase in the number of instabilities that
impact work zones; the pressure to increase output can
result in an increase in the number of personnel within a pit
as the number of areas being worked simultaneously in-
creases. Both actions increase the likelihood that personnel
will be present when instability occurs.

The only way to address these challenges is to have in
place a sound, comprehensive pit slope management pro-
gramme. At the heart of such programme is the concept of
geotechnical risk.

The four components of this risk for loss of life (i.e. annual
probability of death) can be considered to be:

e The annual probability of a hazardous event occurring
from a pit slope (e.g. a rockfall);

e The probability that a person will be within the trajectory
of the hazard;

e The probability that a person will be present at the exact
time the event occurs; and

e The vulnerability of the person to the impact (ie. the like-
lihood that the impact will cause death).

The vulnerability component of risk assumes that a person
is impacted. To reduce the likelihood for this impact to oc-
cur, the quarry operator must reduce sufficiently one or all
of the first three components that contribute to the risk.
They must be able to demonstrate that the resulting risk is
as low as reasonably achievable.

Some of the requirements for operators to implement to
enable them to do so follow.

Even small pit walls should be designed by a qualified geo-
technical engineer. The designs must be based on a thor-
ough investigation into the engineering characteristics of
the intact rocks and rock mass, static and dynamic forces to
be applied to the slopes, long-term operational require-
ments for the slopes, infrastructure requirements (e.g.
ramps, haul roads) and overland flows of water and
groundwater characteristics.

Antamina Mine, Peru

All production and final batters must be scaled thoroughly.
Primary scaling begins as soon as the loading excavator
reaches a blasted muckpile. It continues while the excava-
tor waits for trucks. Secondary scaling is carried out after
the muckpile has been removed and before the final
cleanup of the berm. A dedicated secondary scaling excava-
tor may be used which frees the loading excavator to be
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used elsewhere. The scaling excavator is often fitted with a
long reach boom and a small, toothed bucket. Alternatively
it may be configured as a backhoe and fitted with a ripper
tyne to enable individual loose rocks to be removed. Sec-
ondary scaling can be done effectively by a dozer, located
on the berm above, ‘chaining’ the batters with a heavy link
chain, such as a ship’s anchor chain.

Overland flows of water towards the crest should be di-
verted to contour lows with diversion ditches or bunds. Wa-
ter must not pool on berms, ramps or haul roads; surface
and/or subsurface drains being used to channel water off
them in a way that will not cause erosion of crests and bat-
ters. Water pumped out of a pit must be channelled into
contour lows, clay lined raw water dams or a tailings dam.
It must not be discharged anywhere near the pit to prevent
it permeating back into the pit walls.

BLASTING DAMAGE

In the last decade, economics has driven the increased use
of highenergy mass blasts. The energy resulting from these
blasts has the potential to damage benches. In an effort to
reduce damage and achieve high-quality batters, controlled
blasting techniques have become more widespread, primar-
ily for limit blasts but also for some production blasts.
These techniques may involve buffer (cushion), trim
(postsplitting) and pre-splitting blasting. The availability of
electronic detonators has significantly increased the ability
of operators to achieve the desired results.

Pre-splitting — once used only on final batters now being
used for rockfall control on production batters adjacent to
haulage routes

Berms are the primary component in a slope design for
limiting the trajectory of falling rocks. As a rule of thumb,
final and production berms should have minimum widths of
one third and two thirds the height of benches respectively.
Additional width (i.e. one to two metres) should be speci-
fied to allow for overbreak. Drainage on berms must be
maintained, damage repaired and rockfall debris removed.

Bunds constructed on production berms can reduce, tempo-
rarily, the risk to persons who must spend time in front of
production batters, e.g. blast-hole drillers and shotfirers.
Bunds are normally constructed from blasted rock and are
at least two metres high. They should be placed at least
one third of the height of a bench out from the toe of the
batter.

Over the past decade, the use of proprietary flexible rockfall
barriers has been steadily increasing in pits. Barriers are
generally placed on the berms of final slopes or out from
their toes on the pit floor. The cost to supply and install a
barrier can be significant. A barrier that has too high or too
low an energy capacity or a non-efficient height can be a
waste of money. Too low of either can provide personnel
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with a belief that the risk is less than it actually is. Correct
barriers selection should be done by an independent engi-
neer.

Draped rockfall mesh can reduce the risk associated with
rockfalls from final batters by controlling the horizontal dis-
placement of rocks, thereby preventing them from launch-
ing out from the batter. Mesh is generally suitable for con-
trolling individual rocks up to 0.6m diameter or ravelling
masses of small rocks up to ten cubic metres in volume.

Establish exclusion zones to remove persons from areas
generating falls of rocks (e.g. adjacent to production dig-
ging and below cutbacks) and areas that are potentially
unstable. If zones are to be effective they must be rigor-
ously enforced with persons breaching restriction being
reprimanded. The zone levels which would normally be cre-
ated are ‘No entry’, ‘Entry by heavy vehicle with suitable
FOP systems’, ‘Entry by light vehicle - no foot traffic’ and
‘Entry by foot traffic allowed’.

Benches above all active mining areas should be inspected
daily by a trained person and visually monitored throughout
the mining cycle. Features of interest include fresh cracks,
lowering of the ground surface; bulging on a batter or a
berm, water running over a crest or entering cracks, pool-
ing of water, water issuing from a batter, and rocks on
berms that have detached from batters.

Any cracks or surface movement on a berm or behind a
crest should be monitored with a surface extensometer.
Proprietary devices having digital readout and data logging
capability are readily available. However, units with manual
readout can be just as effective and reliable, and can be
used regularly as they are of low cost. All systems can be
connected to a movement-activated limit switch which is
connected by electrical cable to a remote flashing xenon
beacon and 120dB pulsed tone siren powered by a solar-
charged 12V battery.

Prism-less laser scanners enable slopes to be scanned from
distances up to six kilometres with an accuracy of 25mm to
50mm. As they require no prisms to be mounted on a
slope, there are not the safety and time issues associated
with installing prisms. There is also not the significant limi-
tation that only those locations where prisms are installed
can be monitored, as instabilities seem to occur between
prisms. The scanners are often fixed permanently within a
rigid steel enclosure located behind the crest of a wall op-
posite the wall to be monitored.

PHOTOGRAMMETRY

Photogrammetry has become a popular, relatively low-cost,
technique for monitoring mining and instability induced
changes in slopes over time. A standard digital camera is
set up on a levelled tripod and a minimum of two overlap-
ping digital photos are taken of a slope. The photographs
are uploaded into proprietary software which creates a 3D
photograph and 3D point cloud from the images. The re-
sults are used to determine quickly and safely the dimen-
sional characteristics of the slopes and of large structures
daylighting out of them.

In-pit radar has been one of the most significant develop-
ments in the past 30 years for reducing the risk associated
with slope instabilities. Radars enable 2700 horizontal and
1000 vertical scanning of slopes in real time from a distance
of up to 2.8 kilometres without the need for reflectors.
Units can have 0.1mm accuracy depending on range and
can operate in fog and darkness. Any movement is dis-
played as colours on a computer screen. Flashing beacons,
sirens and SMS warnings can be activated if movements
exceed a pre-set amount.
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GROUND CONTROL MANAGEMENT PLAN

All sites require a Ground Control Management Plan to for-
malise all geotechnical systems and processes. The plan
provides a systematic approach to the planning, design,
management and review of all aspects of work associated
with ground control at the site. A plan is useless if it is not
going to be used and updated regularly. To facilitate these
actions, the plan should be structured in way agreed on by
site personnel, company executives and regulators as being
the most useful possible for the site. The plan must be writ-
ten in an easy to read style so that non-technical personnel
and executives don't find it too difficult or cumbersome to
understand. Readability ensures that it becomes a source of
practical information that personnel will refer to for all geo-
technical related issues. It must, however, be sufficiently
thorough to enable new technical personnel (engineers,
managers, geologists, surveyors, technicians etc.) or geo-
technical engineering consultants to read through the
document and gain an understanding of all geotechnical
issues at the site and the procedures used for managing
them.

These are just a snapshot of some of the techniques being
used in quarries and mines to reduce the risk to personnel.
Operators must look at the components of their own risk
profile and determine which of these, or the many other
available, techniques is applicable to their site.

International Society for Rock
Mechanics, ISRM Secretariat,
LNEC, Av. Brasil 101, 1700-066,
Lisbon, Portugal

Tel: (+351) 218 443 419,

Fax: (+351) 218 443 021,
Email: secretariat.isrm@Inec.pt
Web: www.isrm.net

(QUARRIES & MINES 2012, pp. 27-31)

TA NEA THZ EEEEI'M - Ap. 42 — AEKEMBPIOZ 2011

ZeAida 29



The Furnas Type II Stress Measurement Cell
Ludger Suarez-Burgoa

ISRM Young Members’ Presidential Group for the South
American Region

Since around 1930, methods and tools where developed in
the world in order to attain rock mass in-situ stress field
measurements (e.g. surface overcoring, flat jack, borehole
overcoring, and hydraulic fracturing). Nowadays, there ex-
ist diverse methods and equipments that attempt to assess
in the best way the natural stress tensor in rock mass.
Variations exist from one country to other, each of one tried
to develop their own technology, own known-how and own
state-of-the art.

This was not an exception in South America. Since the mid-
dle of the nineties of the past century, the research group
of Doctor Jodo Luiz Armelin, they dependent by the Brazil-
ian State Company FURNAS (today named ELECTROBRAS -
FURNAS), and in academic collaboration with some univer-
sities of the region, developed the Furnas Type II Stress
Measurement Cell, a cell that adopted the overcoring con-
cept to measure in a point the in-situ stress tensor in the
rock mass (Figure 1).

Figure 1. Doctor Armelin with the Furnas Type II Stress-
Measurement Cell

The beginning

The idea of developing the cell begun in the seventies of
last century, when Doctor Armelin, still a young graduate
geological engineer, worked in the Energetic Company of
the Sdo Paulo State (CESP: Companhia Energética de S&o
Paulo) for the Ilha Solteria Project, in the state of Sdo Paulo
(Brazil). There, he have close contact with Professor Manuel
Rocha of the National Laboratory of Civil Engineering of
Portugal (LNEC: Laboratério Nacional de Engenharia Civil)
and later he had the opportunity to be close related with
the in-situ stress tensor assessment campaign of Professor
Bezalel Haimson and their collaborators, who were perform-
ing hydraulic-fracturing measurement for the Serra da Mesa
Project (Figure 2).

To this respect, Doctor Armelin commented:

The contact with Professor Manoel Rocha arose still in the
CESP. He was a consultant for a variety of works of the
CESP in the state of Sd0 Paulo. Because we worked in the
CESP laboratory, in Ilha Solteria, his presence was fre-
quently in the laboratory and he encouraged several re-
searches about flat jack for the determination of in-situ
stresses in sedimentary rock masses... In one opportunity
we could talk with Professor Rocha about the triaxial cell
and the overcoring techniques.
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Figure 2. Professor Bezalel Haimson rounded by a group of
Brazilian professional in the hydraulic-fracturing measure-
ments campaign for the Serra da Mesa Project in 1975
(Doctor Armelin is at the right hand of Professor Haimson)

Then, Doctor Armelin was part of the professional group
designated to arrange the new Rock Mechanics Laboratory
of FURNAS, located until now in Goiédnia (Brazil). Therefore,
he and their comrades decided to develop for this institu-
tion an own overcoring cell.

The research

Even though the enthusiasm, desire and ideas about the
own Brazillian cell was in the minds of these young engi-
neers of the Rock Mechanics Laboratory of FURNAS, the
research begun only 20 years after.

It was around the middle of the nineties of last century,
when the research project for developing the cell really
starts under the support of FURNAS; and for around 15
years all research milestones were accomplished one by
one in order to have nowadays (for the beginning of the
second decade of this century) the Furnas Type II Stress
Measurement Cell.

The research first defined the geometrical dimensions of the
future overcoring cell. It looked for the best diameter to
length ratio of the core of the cell (where the strain gages
are attached), and the proper quantity and position of the
active strain gages around the cell core. Other goal in de-
fining the proper geometrical values for the the cell was to
obtain a cell to be easy operated in standard boreholes with
standard drill-hole tools. These permitted today use the
Furnas Type II Stress Measurement Cell with the EW and
HW drill series.

After obataining the optimum cell size and desired strain
gages arrangement, the next challenge was to reduce the
rigidity of the cell core to a minimum possible value. There-
fore, some materials were tested in order to finally choose
a low viscosity epoxy resign as the cell material.

Then, physical and numerical models, and comparative in-
situ tests with known international cells (i.e. the CTT and
CSIRO cells) were performed, all of these in order to verify
the efficience of the developed cell. The physical tests con-
sisted to stress cubes, orthotropic in stress-strain behav-
iour, to polyaxial normal stresses; and then simulate the
complete process of in-situ stress measurement with the
new cell. This experience was repeated by using 3D nu-
merical finite element method models (Figure 3).

After that, the attention was concentrated to have an effi-
cient and robust data acquisition system module to be
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Figure 3. Three dimensional nhumerical model simulating the
stress measurement process with the Furnas Type II Stress
Measurement Cell

coupled to the cell (Figure 4), and finally the research fin-
ished with the development of a properly software (named
CaTMIso) for the data interpretation. This software helps
reduce the interpretation time and the possibility to have
calculation errors.

Figure 4. The core cell, the data acquisition system module
and the protection tube of the Furnas Type II Stress Meas-
urement Cell

Nowadays the Furnas Type II Stress Measurement Cell is
ready to act as a reliable measurement system for punctual
stress tensor measurement in the rock mass by the over-
coring method. Real tests (i.e. those tests not performed as
part of the research program) were just performed in Bra-
zilian projects, which shown to the industry good results.

To this respect, Doctor Armelin commented:

...we performed measurements besides those initials at the
Serra da Mesa project, which is the major site of stress
assessment present in Brazil... we made also measurements
in the Caraiba mine; and we compare the LNEC cell with
our cell. Under the interpreters’ point of view, which were
not us who made the interpretations (referring to FURNAS
personnel) because a series of reasons, they adopt a favor-
able position to the Furnas model cell.

Parallel research

The stress measurements with overcoring methods are still
bringing some external influences that can modify the true
values; these are mainly the temperature and the rock ma-
terial mineral or micro fracturing size distribution present in
rock mass.

During the development of the Furnas Type II Stress Meas-
urement Cell, parallel research were done with the objec-
tive to minimize the temperature effect in the strain meas-

urements of the extensometers and deduce the size effect
of rock mass on stress measurements.

Future research

Future research is programmed in order to achieve full
temperature compensation during the overcoring process,
trough an adequate instrumentation.

To this respect, Doctor Armelin commented:

... the technical difficulty that still remains is in respect to
the temperature compensation of the extensometers; this
is a suggestion for us in order to maintain the research in
this direction.

Technical data

The reference cell, from which this new cell was developed,
was basically a foreign model, which for its initial version it
proposed seven active strain gages. Because of the name
“II"” in the actual Furnas cell, one can perceive that an an-
tecessor to the Type II existed, the Furnas Type I Stress
Measurement Cell. This cell was primary the Brazilian ver-
sion of the foreign model, but the Type II added the follow-
ing improvements:

e It has a low rigidity core cell

e It has more strain gages for measurements in order to
have more redundancy in more directions

e Their readings are more sensible

e It is applicable for conventional drilling equipments and
tools

The core cell is made of a polymer (i.e. low viscosity epoxi
resin), cylindrical in shape with a diameter to height ratio of
1/6 and 1 mm of thickness. It has 12 active strain gages
(four strain gages in three groups), these coupled to the
external face of the low rigid cylinder and protected exter-
nally with a thin layer of epoxy. Each strain gage group is
located 120° to each other when looking the transversal
section of the core cell, and they are rotated some grades
around their own radial axis. Also, each strain gage in a
group, is rotated 45° to each other (Figure 5).
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Figura 5. The strain gages arrangement in the core cell of
the Furnas Type II Stress Measurement Cell

In the interior of the cylinder, the core cell has one dummy
strain gage for compensations, this coupled to a rock mate-
rial block (i.e. the same rock material in where the meas-
urements will be performed), and finally the core cell incor-
porates in addition one temperature transducer.
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The data acquisition system module incorporates an elec-
tronic compass, multiplexers, a memory card, a communi-
cation port, some led, a stopwatch trigger, a main circuit
that performs the control tasks of: computing, storing and
transmitting, and an energy supplier.

A biaxial cell to assess the elastic variables of the rock on
cylindrical HX samples was also designed to make possible
calculations.

Final notes

The Furnas Type II Stress Measurement Cell was only pos-
sible with the help of al lot of persons that actuate effi-
ciently at the different stages of the research. To tell this
history in a compressed way will always deal in the involun-
tary error to omit one or more of those persons. But, from
this report authors’ opinion, was Doctor Armelin the princi-
pal person of the good results of this research.

Interesting documents about the Furnas Type II Stress
Measurement Cell and its development may be found in the
following references:

Armelin, J.L., 2010. In-situ stress measurement in rock
masses and concrete structures (In Portuguese). PhD The-
sis, Document G.TD-066/2010, Department of Civil and
Environmental Engineering, University of Brasilia, Brasilia,
DF, p: 305.

Armelin, J.L., Fleury, S.V., Ruggeri, R.F., Piovezani, J.D.,
2006. Laboratory validation of a triaxial cell for the in-situ
stress assessment (In Portuguese). Proceedings of the 13th
Brazilian Congress of Soil Mechanics and Geotechnical Engi-
neering, Curitiba, Paper SMB0O01.

Armelin J.L., Fleury, S.V., Assis, A.P., 2004. Development
of a triaxial cell for in-situ stress assessment (In Portu-
guese). Proceedings of the First Brazilian Congress of Tun-
nels and Underground Structures, SAT 2004, S&o Paulo
(March): Article 19.

Armelin, J.L., Matos, M.M., Caproni Jr., N., 1994. Compara-
tive analysis of instrumentation results for natural stress
measurements in rock masses (In Portuguese). Proceedings
of the First Brazilian Symposium on Rock Mechanics, Foz de
Iguagy, pp. 3-9.

Martins de Matos, M., Armelin, J.L., 1994. Natural stresses
of the Serra da Mesa rock mass (In Portuguese). Proceed-
ings of the First Brazilian Symposium on Rock Mechanics,
Foz de Iguagu, pp. 93-99.

http://www.isrm.net/fotos/editor2/nl15/furnastype2stressc
ell.pdf
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EUROCK 2013
ISRM European Regional Symposium
Rock Mechanics for Resources, Energy and En-
vironment
23-26 September 2013, Wroclaw, Poland

To pélog Tng EEEEMM AAESavdpog Zo@iavog, Kabnyntng
oTn ZxoAn Mnxavikwv MeTalAeiov - MeTaAloupywv EMM
kal AleuBuvTtng Tou EpyaoTnpiou TexvoAoyiag Aidvoigng =n-
payywv npooekAndn ano Tov Mpdedpo Tng Polish Society for
Rock Mechanics va oupperaoxn otnv ZupPouleuTikn EmiT-
ponr Tou gnopévou ISRM International Symposium EUROCK
2013:

Dear Professor Sofianos,

It is my pleasure to extend an invitation to you to join, as a
representative of the ISRM National Group GREECE, the
International Advisory Committee of the ISRM International
Symposium EUROCK 2013 that will be held in the city of
Wroctaw on September 21-26, 2013. Prof. D. ktydzba,
Chairman of the Organizing Committee, and I would very
much appreciate your cooperation and support in our ef-
forts to make EUROCK 2013 a success. We would be hon-
ored if you would accept our invitation and share your
experience and expertise with us.

With the best wishes for a happy and prosperous New Year,
Marek Kwasniewski
President, Polish Society for Rock Mechanics

Chair, Scientific Committee of the 2013 ISRM International
Symposium
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OEZEIZ EPrAzIAz
NA TEQTEXNIKOY2
MHXANIKOY2

'Onwg O0Aol yvwpiloUPE, N TPEXOUOA OIKOVOMIKN kKaTdoTaon
TNG XWPAG £XEI ENNPEACEI ONUAVTIKOTATA TOV KATAGKEUAOTI-
KO kKAGdO, Ye anoTEAeopa noAAoi ocuvadeA@ol va €xouv ano-
AuBn ano Tig eTaipeieg 6nou £pyalovTo f va €xouv eAAxIoTn
anacxoAnon. Asdopévou OTI 01 MPOONTIKEG BeATiwoNg Tng
KATaoTaong ival EAAxIoTeG, TOUAAXIOTOV OTO APECO PEAAOV,
Qaiveral 0TI n &kTo¢ EANGdag anaoxoAnon eivar pia Auon.
MNa To A0yo auTto npbape oe enaen Pe adeAQEG €OVIKEG €ni-
OTNMOVIKEG €TAIPEIEC, MPOKEIYEVOU va HeCOAABrAooups ag’
€VOG YIa TNV Npowbnon BIoypa®IK®V ONUEIWPATWY EAARVoV
YEWTEXVIKOV MNXAVIKOV O €VOIAQQPEPOUEVEG ETAIPEIEG OTIC
XWPEG TOUG, AP’ €TEPOU OE yIA TNV EVNHEPWON TWV HEA®V
pag yia diabéoipeg B€oeig epyaaiac.

H avTandkpion nTav aueon!

Ano Tov kabnynTtr Harry Poulos and Tnv AuoTtpalia AaBape
TO NAPAKAT® NA.HN.:

Coffey Geotechnics is interested in the possibility of hiring
good quality geotechnical engineers to work in Australia,
New Zealand or Canada. I would therefore be grateful if
you could forward on to me any suitable CVs that you may
have.

With best wishes,
Harry

PROFESSOR HARRY POULOS

Senior Principal

Coffey Geotechnics

8/12 Mars Road Lane Cove West NSW 2066 Australia
T +612 9911 1000

F +61 29911 1001

M +61 420 960 248

www. coffey.com/geotechnics

And Tov Arsenio Negro Tng etaipeiag BUREAU DE PROJETOS
E CONSULTORIA LTDA Tn¢ BpadiAiag AaBape To napakaTtw
nA.4N.:

Definitely we can try to help you on this. May I suggest you
to prepare a teaser ad to be published in our home page
(http://www.abms.com.br/) offering your support to find
prospective geotechnical engineers in Greece for interested
Brazilian companies. Try to draft one advertisement and
mind that I can help you on this. Make it with high spirits
and a dash of humor if possible!

Ano Tnv eraipsia KLOHN CRIPPEN BERGER Tou Kavada
AaBape 1o NapakdaTw nA.un.:

Dear Dr. Tsatsanifos,

Your e-mail to your colleagues at the Canadian Geotechnic-
al Society regarding the possibility of Greek Geotechnical
Engineers to work in Canada was forwarded to me by Bryan
Watts.

We are always looking for experienced engineers to join our
organization (both locally and internationally).

As all of our current job vacancies are posted on-line, we
invite your members to visit our career website

(www.klohnjobs.com) to inquire about opportunities with
our organization.

Please feel free to contact me should you have any ques-
tions.

Kind Regards,
Evelyn.

Evelyn Collier, CHRP
Senior Human Resources Advisor

‘D Klohn Crippen Berger

ok

MapakaAoUvTal ol evilapePOUEVOIl EITE va oTsilouv oTnv
nA.01. president@hssmge.gr Ploypagika Toug ONMEI®UATA
yia npowlnon f va enikoivwvAoouv an’ suBeiag pe TIg eval-
aQepOHEVEG ETAIPEIEG.

AUOTUXWG, OJWG, unnp&av kai apvnTikeG anavtnoeig. daive-
Talr Tl To NPOBANMAa anaoxoAnong TWV HNXAVIK®V, YEVIK®-
Tepa, Oev eival povo EAAnvikd! And Tov kabnyntn Robert
Holtz anod Tic H.M.A. AaBaps 10 napakatw nA.un.:

I am not sure the USNS can help Greek engineers, as much
as we might like to do so. We have our own problems here
with reduced spending on infrastructure and commerical
developments. Many CEs here are also out of work...
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EMEITON

18" International Conference on
Soil Mechanics and Geo-technical Engineering
“Challenges and Innovations in Geo-technics”
1 - 5 September 2013, Paris, France

Letter to the Member Societies of ISSMGE
10 November 2011

Subject: call for papers for the 18th International Confer-
ence on Soil Mechanics and Geotechnical Engineering
(ICSMGE'13), Paris, France, 2-5 September 2013

Dear Presidents and Secretaries of ISSMGE Member Socie-
ties,

Dear Colleagues,

On behalf of the Organizing Committee for the 18th
ICSMGE, I would like to inform you that the call for ab-
stracts is now open.

According to the ISSMGE by-laws, the abstracts are se-
lected by the Member Societies. The one page abstracts will
be written in English or in French. The instructions for ab-
stracts will be available on the Conference website and are
attached to this message. Please note that the website
(www.paris2013-icsmge.org) also provides a management
tool for submission and acceptance of abstracts as well as
of final papers. It can be used by authors for submission to
their Member Society and by the Member Society to review
abstracts and papers.

Selected abstracts have to be submitted by each Member
Society to the Organizing Committee through the Confer-
ence website by 15 April 2012.

Although the Member Societies are requested to review the
abstracts before submission, the abstracts will also be re-
viewed by the Scientific Committee of the Conference after
submission by the Member Societies. Notification of the
abstracts final acceptance will follow shortly.

Each Member Society is allocated a nhumber of pages in the
Proceedings following established ISSMGE rules. The num-
ber of pages will be indicated by the Secretary General of
ISSMGE. All final papers should be four pages long. These
indications will allow you to determine the number of ab-
stracts for your Member Society.

After acceptance of the abstracts by the Organizing Com-
mittee, the Member Societies will be requested to collect
the final four pages papers. After reviewing the papers, the
Member Societies will transfer them to the Organizing Com-
mittee through the Conference website before 15 January
2013. The instructions for full papers will be available on
the website. The final acceptance of the papers will be noti-
fied to the authors by 15 April 2013.

If you have questions, please contact us. We thank you
very much in advance for your kind assistance and we look
forward to receiving your abstracts by 15 April 2012.

With best regards

e

Philippe Mestat
President of the Organizing Committee

'

25 November 2011
Ref: C18

XVIII ICSMGE, Paris 2013 - Page Allocation

Page allocations for the XVIII ICSMGE to be held in Paris,
September 1-5, 2013, have been made in accordance with
our normal practice subject to the minor modification
agreed at the Council Meeting in 2009. The total number of
pages to be allocated is approximately 3000, and alloca-
tions have been made in multiples of 4 since the conference
organisers are expecting each paper submitted to be 4
pages in length.

The allocation for your Member Society is 32 pages.

It is the responsibility of each Member Society to select its
own papers for submission to the Conference Organising
Committee and please note that Authors of papers must be
members of ISSMGE. Please read the accompanying letter
from the President of the Organising Committee, which has
detailed information on deadlines and the paper submission
and review process.

Finally, the President wishes you to note that he is prepared
to consider allocating additional pages for papers related to
engineering practice concerning projects or issues of major
importance. I would appreciate prompt notification of your
wish to apply for such additional page allocation.

Yours sincerely

f?/ﬁi—n...é\«—

Professor R.N. Taylor

Secretary General, ISSMGE

City University

Northampton Square

London EC1V OHB. UK

Tel: +44 20 7040 8157

Fax: +44 20 7040 8832

E-mail: secretary.general@issmge.org

MpookaAoUvTtal Ta péEAN ThG EEEEMM va evnuep®oouv
(president@hssmge.gr) péxpr Tnv 20" Iavouapiou
2012 yia Tnv npoOecn Toug va unoBdalouv nepiAnyn
apOpou. € nepinTwon nou ol NPoTIBEPEVOI va unoBd-
Aouv apOpa unepBaivouv Toug oKT® (8), EXOUME TRV
duvatoTnTa va {nNTooule Tnv d1a0son ornv EEEEMM
NEPICOOTEPWV OEAISWV aNO AUTEG NOU TG avaAoyouv.
H oxemiknl aitnon npog Ttov lMpoedpo kai Tov Feviko
Fpapparéa Tng ISSMGE 0a npénel va otaAn HEXPI TV
23n Iavouapiou 2012.
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Ma TiIg NaAaIOTEPEG KATAXWPNOEIG NEPICOOTEPEG NANPOPOPI-
€C MMopouv va avalnTnbouv oTa nponyoUpeva TeUXn Tou
«nepI0dIKOU» KAl OTIG NApaTIBENEVEC I0TOTEAIDEG.

Spritzbeton - Tagung 2012, 2. und 13. 1. 2012, Alpbach,
Tyrol, Austria, www.spritzbeton-tagung.com

ETrola EmioTnuovikn Zuvedpia EFE, 6 ®eBpouapiou 2012,
ABnva, http://www.geosociety.gr
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3° MANEAAHNIO ZYNEAPIO OAOMNOIIAZ
9 - 10 ®eppouapiou 2012, AGRva

To Texvikd EnipeAnTrpio EAAGSag 6a nmpayuaTonoinoel To
«3° MaveAAnvio Zuvedpio Odonoliag» otnv ABrva oTig 9 Kal
10 ®deBpouapiou 2012.

SKOMNOG Tou Zuvedpiou eival va napouaciacdolv ol VEOTEPEG
€EeAi€eic oTov TOpEa TNG odonoliag NAavw OTAV KATAOKEUR,
aocpAaeia, ouvThnpnon Kai d1axeipion TwV 0JIKOV EPYWV.

Me To ZuvEDpIo auTo EMISIWKETAl N EVNMEPWON TOU TEXVIKOU
KOOMOU €ni Twv napanavw Bepdtwy, 1I31aiTEpa auTh TRV ne-
piodo nou BpiokeTal og €EENIEN N uAonoinon €vOG EKTETAME-
vou npoypdauparog Odonoliag oTn Xwpa Pac.

To Zuvedplo anesuBlveral oToug Mnxavikoug, oTa AvmwTarta
EknaideuTikd IdpUuaTta, oToug ANWOCIOUG (OPEIG, OTOUG
Opyaviopoug, OTIC ETAIPEIEC HEAETOV KAl YEVIKOTEPA OE O0O0-
UG €xouv 131aiTepo evdia@épov yia Ta BéuaTa Tng Odonoliag.

©¢paTa Tou Zuvedpiou:

1. TewPeTPIKOG ZXEDIAOUOG

2. EBvIkO AikTuO - AUTOKIVNTOdpOLOI

3. TeXVIKOOIKOVOMIKN SkomudTnTa — SucThuaTa Xpnuaro-
30Tnong - Mapaxwpnon - EKUeTAAAgUON

4. Aiaxeipion - Angonpdartnon - Avaleon 'Epywv

5. 0dikn AopaAeia

6. EZonAiopog Odwv kal Inpayywv — ZUyxpova SuoThua-
Ta MANPOPOPIKNG

7. SuotAuata Alaxeipiong, Asitoupyiag kalr ZuvThpnong
Qdwv

8. 'EAegyxoc kal AlacpdaAion Moidtntag Epywv

9. Texvika ‘Epya Odonoliag — NedTepeg EEeAiEeig

10. NepiBaAlovTikEG EMNTWOEIG

EkTOC and TI¢ eionynosig, otn diapkela kabe evotnTag Oa
npooeepeTal Xpdvog yia oudiTnon kal katabeon andwewv n
NPOTACEWV O OCOUC acXoAoUvTal R €xouv amoyn yia To
Bépa Tng ekdaoToTe €vOTNTAG. MEoa and €vav avoixTo Kdl
yoviyo O1aAoyo, avapeéveral va npokUWouv TEKUNPIWHEVA
ENICTNHOVIKA OUPNEPAOUATA YId TIG MPOONTIKEG OAWV TWV
OXETIKOV BEUATWV.

dopeic oTOXEUONG

To Suveédpio NpooPEpel TNV gukaipia og 1IBIWTIKOUC Kal dn-
poéaioug @opeig, Tomikh auTodloiknon, MAVEMIOTAUIA, EPEU-
VNTIKAG KEVTPA, EPEUVNTEC, HEAETNTEC, KATAOKEUAOTEG, AAAO-
UG enayyeApaTieg va avrtaAAd€ouv anoweig otnv €€ETaon
nPoBANUATWV Kal AUCEWV, VEWV TEXVOAOYIQV, GUYXPOVW®V
eEeli€ewv og B€parta Odonoliag.

Alkaiowpa ZuppheToxng: 50 €

MAnpogopieg: NoTtiva KovToyiavvn notina@central.tee.gr
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4th International Conference on Grouting and Deep Mixing,
February 15-18, 2012, New Orleans, Louisiana, USA,
www.grout2012.0rg

O3 D

28 - 29 February, 2012, Hong Kong, China
http://www.tunneldesignconstruction.com/Event.as

px?id=635336

Developing underground infrastructure for transportation,
conveyance of water and wastewater, utility services and
for commercial/mixed use purposes has become indispen-
sable for Asia.

All urban centers of Asia have already installed extensive
plans for underground infrastructure to cope with the
shrinking and high value surface area. But tunnelling is one
of the most complex and risky engineering activity.

The 3rd annual Tunnel Design & Construction Asia is a
platform for tunnelling industry stakeholders to discuss and
share best practices in constructing efficient and sustain-
able tunnel infrastructure.

Tunnel Design & Construction Asia 2012 will examine:

e Master plans and upcoming projects for road/rail, wa-
ter/wastewater and utility tunnel infrastructure

e Funding, legal and contractual requirements

e Best practices in geotechnical investigations and instru-
mentation

e Urban tunnelling techniques

e Optimal selection of construction procedures in NATM and
Mountain tunnelling

o TBM selection procedures for different soil/rock conditions
e Handling technical and construction contract risks

e Fire safety and ventilation design for long and immersed
tunnels

The following trends will also be presented:

e Design and construction of shafts and portals
e Safety codes and procedures in tunnel construction

e Handling squeezing ground conditions during construction
e Effective use of geotechnical baseline reports

e Retrofit and upgrade of existing tunnels

For programme, registration, sponsorship and media en-

quiries, please contact enquiry@igpc.com.sg

3 O
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3rd International Seminar on Earthworks in Europe, 19 - 20
March, 2012, Berlin, Germany,
www.fgsv.de/veranstaltungen international.htmI?&tx jullee
vents pil[showUid]=85&cHash=4153b585bc

Practices and Trends for Financing and Contracting Tunnels
and Underground Works, 22-23 March 2012, Athens,
www.tunnelcontracts2012.com

6th Colloquium “Rock Mechanics - Theory and Practice” with
“Vienna-Leopold-Miller Lecture”, 22-23 March 2012, Vi-
enna, Austria, christine.cerny@tuwien.ac.at

GeoCongress 2012 State of the Art and Practice in Geo-
technical Engineering, Oakland, California, USA, March 25-
29, 2012, www.geocongress2012.org

UNDER CITY Colloquium on Using Underground Space in
Urban Areas in South-East Europe, April 12 - 14, 2012,
Dubrovnik, Croatia, www.undercity2012.com

Conference on the Mechanical Behavior of Salt, 16 - 19
April 2012, MINES ParisTech, Paris, France,
www.saltmech7.com

TERRA 2012 XIth International Conference on the Study
and Conservation of Earthen Architecture Heritage, 22 - 27
April 2012, Lima, Peru,
http://congreso.pucp.edu.pe/terra2012/index.htm

Underground Infrastructure & Deep Foundations, 22 - 24
April, 2012, Jeddah, Saudi Arabia, Middle East,
www.undergroundfoundationsaudi.com

3rd International Conference on Shaft Design and Construc-
tion 2012, 24 - 26 Apr 2012, London, UK,
www.iom3.org/events/sdc2012

GEOAMERICAS 2012 II Pan-American Congress on Geosyn-
thetics, Lima, Peru, 2 - 5 May 2012
WWW.igsperu.org

16" Nordik Geotechnical Meeting, 9-12 May, 2012,
Copenhagen, Denmark www.ngm2012.dk

Second Southern Hemisphere International Rock Mechanics
Symposium SHIRMS 2012, 14-17 May 2012, Sun City,
South Africa, www.saimm.co.za

ITA-AITES WTC 2012 “Tunnelling and Underground Space
for a global Society”, Bangkok, Thailand, 18 to 23 May,
2012, www.wtc2012.com

Fifth International Symposium on Contaminated Sediments:
Restoration of Aquatic Environment, May 23 - 25 2012,
Montreal, QC, Canada,
www.astm.org/SYMPOSIA/filtrexx40.cgi?+-

P+EVENT ID+1857+/usr6/htdocs/astm.org/SYMPOSIA/callf
orpapers.frm

EUROCK 2012 - ISRM European Regional Symposium -
Rock Engineering and Technology, 27 - 30 May 2012,
Stockholm, Sweden, www.eurock2012.com.

SECOND INTERNATIONAL CONFERENCE ON PERFORM-
ANCE-BASED DESIGN IN EARTHQUAKE GEOTECHNICAL
ENGINEERING, May 28-30, 2012, Taormina, Italy,
WWW.associazionegeotecnica.it

INTERNATIONAL SYMPOSIUM & SHORT COURSES TC 211
IS-GI Brussels 2012 Recent Research, Advances & Execu-
tion Aspects of GROUND IMPROVEMENT WORKS, 30 May -
1 June 2012, Brussels, Belgium, www.bbri.be/go/IS-GI-
2012
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12% Baltic Sea Geotechnical Conference “Infrastructure in
the Baltic Sea Region”, Rostock, Germany, 31 May - 2
June, 2012, www.12bsgc.de

80th Annual Meeting - 24th ICOLD Congress, June, 2nd to
5th, 2012 - June, 6th to 8th, 2012, Kyoto, Japan,
http://icold2012kyoto.org/

ISL 2012 NASL 11th International Symposium on Land-
slides, 3 + 8 June 2012, Banff, Alta, Canada,
corey.froese@ercb.ca, www.ISL-NASL2012.ca

International Symposium on Sustainable Geosynthetics and
Green Technology for Climate Change (SGCC2011), which
also serves as the Retirement Symposium of Prof. Dennes
T. Bergado, 20 and 21 June 2012, Bangkok, Thai-
land, www.set.ait.ac.th/acsig/sgcc2011

46" U.S. Rock Mechanics Geomechanics Symposium, Chi-
cago, USA, 24 - 27 June 2010, www.armasymposium.org

XII International Symposium on Environmental Geotechnol-
ogy. Energy and Global Sustainable Development “Unveiling
the Pathways to Global Sustainability”, Los Angeles, USA,
June 27 - 29, 2012, www.isegnet.org/2012/

ASTM Symposium on Dynamic Testing of Soil and Rock:
Field and Laboratory, June 28 - 29 2012, San Diego, CA,
USA, www.astm.org/D18symp0612.htm

Protection and Restoration of the Environment XI July 3-6,
2012, Thessaloniki, Greece, www.prell.org

Shaking the Foundations of Geo-engineering Education,
International Conference on Geotechnical Engineering Edu-
cation, 4-6 July 2012, NUI Galway, Galway, Ireland,
bryan.mccabe@nuigalway.ie

ANZ 2012 “Ground Engineering in a Changing World” 11th
Australia-New Zealand Conference on Geomechanics, Mel-
bourne, Australia, 15-18 July 2012,
www.anz2012.com.au

A Symposium on EXPERIMENTAL STUDIES WITH GEOSYN-
THETICS In Conjunction with 15™ INTERNATIONAL CON-
FERENCE ON EXPERIMENTAL MECHANICS (ICEM15), Porto,
Portugal, July 22-27, 2012,
http://paginas.fe.up.pt/cime/icem15

Geotechnique Themed Issue 2012 “Offshore Geotechnics”,
www.geotechnique-ice.com

34th International Geological Congress 5 + 15 August 2012,
Brisbane, Australia, http://www.ga.gov.au/igc2012
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nd SASORE

SOUTH AMERICAN SYMPOSIUM ON

ROCHK €XCAVATION

August 7 -9, 2012. Costa Rica
fRomada Plazo Hemodura Hotel

7 - 9 August 2012, San Jose, Costa Rica
www.civiles.org/acg/simposio

The Second South American Symposium on Rock Excava-
tions, 2nd SASORE, will take place in Costa Rica. The event
will be from 7th to August 9th, 2012. In this opportunity,
this event is the only regional experience sponsored by the
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ISRM. The Symposium, as well as other events of 2012, will
be part of the Fiftieth Anniversary of ISRM. The National
Group Costa Rica, part of the Geotechnical Costa Rican As-
sociation is in charge of organizing the 2nd SASORE.

The objective of the 2nd SASORE is to establish the ex-
change of knowledge and results of the new technologies
application and to discuss recent experiences in rock exca-
vation. The activity includes researchers, designers and
builders from the South American Region, Central America
and the Caribbean. Also, we count with the contribution of
experts from the region and other countries.

The Symposium will have three main speakers from
Europe. They will be in charge of several sessions. First,
Professor Manuel Romana will develop a lecture about the
issue of rock slope stability. Then, Professor Piergiorgio
Grasso will be addressing the issue of underground excava-
tions and finally, Professor Arno Zang will discuss the issue
of in situ stress.

Three main speakers from South American will join the
event during the 2nd SASORE. Professor Tarsicio Celestino
will deliver a lecture about the rock mass characterization.
Next, Professor Carlos Carranza Torres will discuss about
the modeling and numerical analysis of rock excavation.
Afterwards, Professor Milton Kanji will be in charge of the
lecture about soft rocks and associated problems. Finally,
the Professor Duncan Wyllie, from the North American Re-
gion, will deliver the lecture about rock foundation.

The participants of the 2nd SASORE will have the opportu-
nity to experience the importance of the industry through
the ExpoRock, where they will have access to the main in-
formation from expert companies.

According to the 1st newsletter that will circulate in January
2012, the last date for submission of abstracts is March
30th, 2012. The date for full paper submission is May 30th,
2012. For further details including fees for the participants,
please visit the website www.civiles.org/acg/simposio.

Contact Person: Marlon Jiménez

Address: Associacén Costarricense de Geotecnia
350 m Est from CFIA, 2nd floor

2346-1000 San José

Costa Rica

Telephone: (+506) 22-53 55 64

Fax: (+506) 22-34 87 89

E-mail: acgeo@cfia.or.cr

(G2 4R -0

EYGEC 2012 Gothenburg 22nd European Young Geotechni-
cal Engineers Conference, Gothenburg, Sweden, August
26th to 29th, 2012, www.sgf.net

ICSE-6, 6th International Conference on Scour and Erosion,
27-31 August 2012, Paris, France, www.icse-6.com

(C- 4R -0)
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dvances in Multiphysical

esting of Soils and Shales

ISSMGE Workshop
3-5 September 2012, Lausanne, Switzerland
http://amtss.epfl.ch

The workshop will focus on the signi_cant advances of
knowledge regarding the experimental analysis of soils and
shales that have been achieved during the last decade.
Some fundamental issues have been solved, and important
achievements have been made in certain areas, including
the development of multiphase testing facilities for non-
isothermal conditions and the characterization of the micro-
structural arrangement for complex geomaterials.

This outstanding progress in the _eld has had relevant con-
sequences in the theoretical developments of geomechani-
cal theories, such as the constitutive modelling of mul-
tiphysical and multiscale processes, as well as important
engineering applications.

The workshop is aimed at stimulating the debate on the
advances in experimental geomechanics; contributions on
unsaturated soil testing, non-isothermal experiments and
chemo-osmotic experimental evidences are welcomed. The
workshop proceedings will be published and an interna-
tional journal special issue will include the most outstanding
contributions. The foreseen duration is 2.5 days. A half-day
course will also be organized on advanced multiphysical
testing for geomaterialsii] A low registration fee has been
set for students to encourage young delegates to attend.

The workshop will be held between 3 and 5 September
2012 at the conference facilities of the EPFL in Lausanne
(Switzerland). The Laboratory for Soil Mechanics (LMS) at
the EPFL will serve as the local organizing committee.

Contacts:

Laboratory for Soil Mechanics
EPFL-ENAC-LMS

Station 18

CH-1015 Lausanne
Switzerland

Workshop secretary:
Barbara Tinguely

Phone: +41 21 693 23 15
Fax: +41 21 693 41 53
E-mail: Ims@epfl.ch

Web: http://Ims.epfl.ch/en

Further information is available on the workshop website:
http://amtss.epfl.ch

(C- 4R -0)

Baltic Piling Days 2012, Tallinn, Estonia, 3-5th September
2012, www.balticpiling.com

2nd International Conference on Transportation Geotech-
nics, 10 - 12 September 2012, Sapporo, Hokkaido, Japan,
http://congress.coop.hokudai.ac.jp/tc3conference/index.ht
ml

7th International Conference in Offshore Site Investigation
and Geotechnics: Integrated Geotechnologies, Present and
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Future, 12-14 September 2012, London, United Kingdom,
peter.allan@geomarine.co.uk; zenon@tamu.edu

O3 D

CRETE 2012
3rd International Conference on
Hazardous and Industrial Waste Management
September 12 - 14, 2012, Chania, Greece
www.hwm-conferences.tuc.gr

The Conference will once again focus on innovative aspects
of Industrial and Hazardous Waste Management (including
Organics, Non-Halogenated and Halogenated Solvents, Hy-
drocarbons, Pesticides, Explosives, PCBs, PCDDs/Fs, Heavy
Metals, Asbestos, Nuclear Wastes, Salts, etc), presenting
new technologies, describing the state of the art and re-
lated case studies, discussing the main controversial sub-
jects, sharing experience among different countries, valuat-
ing social and financial balances. The Conference will in-
clude oral presentations, poster sessions, special sessions
and workshops.

CONFERENCE TOPICS

Industrial and Hazardous Waste

Regulation / Legislation

Characterization

Management Practices

Production, Minimization and Recycling

Treatment and Disposal

Hazardous Waste Toxicology

Risk Assessment

Treatment of Hazardous Waste landfil and Mine

Leachates

Contaminant Release and Transport

Toxic Substances in the Food Chain

Management of Contaminated Sites

Special Topics on Environmental Management and Reme-

diation (sediment sites - characterization and risk assess-

ment, munition and explosives production sites, etc.)

e Radioactive Waste (management, environment, health
and safety, nuclear explosions, etc.)

e Energy From Waste (biomass, oil sludge, gasification pro-
cesses, syngas, etc.)

e Case Studies

e Special Waste (medical, WEEE, agro-industrial, etc.)

Other topics of the "CRETE 2012" Conference are the fol-
lowing:

e Industrial and Hazardous Waste (Regulation / Legislation,
Management Practices, Production, Minimization and Re-
cycling, Treatment and Disposal)

e Hazardous Waste Toxicology - Risk Assessment

Treatment of Hazardous Waste Landfill and Mine
Leachates

Contaminant Release and Transport
Toxic Substances in the Food Chain
Management of Contaminated Sites

Special Topics on Environmental Management and
Remediation (Sediment Sites - Characterization and Risk
Assessment, Munition and Explosives Production Sites,
etc.)
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e Radioactive Waste (Management, Environment, Health
and Safety, Nuclear Explosions, etc.)

e Energy from Waste (Biomass, Oil Sludge, Gasification
Processes, Syngas, etc.)

e Case Studies
e Special Waste (Medical, WEEE, Agro-Industrial, etc.)

The following Special Workshops have been planned:

Characterization, Restoration and Management of
Refineries

Refineries represent common heavy industrial sites that
develop important soil and groundwater contamination
problems, mainly due to uncontrolled leaks. The manage-
ment of such contaminated sites, especially when the refin-
eries are under operation, is a complicated issue that de-
mands specialized knowledge, experience and technolgy.
During this "CRETE 2012" Special Workshop, case studies,
as well as optimum management and restoration ap-
proaches, are to be presented.

Mines Restoration and Mines Leachates Treatment

Mining activities can be considered as heavy industrial ac-
tivities that may bear severe risk and hazardousness, de-
pending on their paricular characteristics. Leachates treat-
ment, hazardous materials management, safety measures,
as well as abandonded mines restoration are some of the
basic topics that are expected to be explored and presented
during this "CRETE 2012" Special Workshop.

Asbestos Materials/Waste Management

Asbestos has been allocated at many industrial facilities,
due to its special properties that allowed the production of
several asbestos containg products. Since the exposure of
its hazardousness and the banning of its use, research has
focused on managing abandoned asbestos mines and facili-
ties. Moreover, a lot of attention has been given to the
withdrawal, treatment and disposal of asbestos containing
materials. During this "CRETE 2012" Special Workshop, the
prevailing conditions worldwide, as well as the latest scien-
tific and technical advances, on asbestos management are
attempted to be presented.

Authors are invited to submit relevant abstracts, to be
presented during these Special Workshops. An extended
abstract (at least one, but no more than two full pages),
accompanied by the relative Abstract form, should reach
the Conference Organization no later than 31st January
2012.

More information is available at our official website:
http://www.hwm-conferences.tuc.gr/

(C- 4R -0)

EUROGEOS - 5th European Geosynthetics Conference, 16 -
19 September 2012, Valencia, Spain, www.eurogeo5.0rg

IS-Kanazawa 2012 The 9th International Conference on
Testing and Design Methods for Deep Foundations 18-20
September 2012, Kanazawa, Japan, http://is-
kanazawa2012.jp

ISC’ 4 4th International Conference on Geotechnical and
Geophysical Site Characterization, September 18-21, 2012,
Porto de Galinhas, Pernambuco - Brazil, www.isc-4.com
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1% Eastern European Tunneling Conference, September 18-
21, 2012, Budapest, Hungary, www.eetc2012budapest.com
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The 4th Central Asian Geotechnical Symposium:
Geo-Engineering for Construction and Conservation
of Cultural Heritage and Historical Sites
Challenges and Solutions
September 2012 Samarkand, Uzbekistan

The Uzbek Geotechnical Society takes great pleasure in
inviting all members and Member Societies of ISSMGE
Asian region and interested geotechnical engineers and
researchers from all over the world to participate in the
Conference on Geo-Engineering for Construction and Con-
servation of Cultural Heritage and Historical Sites of Cultur-
al Heritage and Historical sitesto be held in September 21-
23, 2012 in Samarkand, Uzbekistan.

The previous Central Asian Geotechnical Symposiums was
in Astana, Kazakhstan, 2000; Samarkand, Uzbekistan,
2003; Dushanbe, Tajikistan, 2006.

The 4™Central Asian Geotechnical Symposium intends to
discuss and exchange ideas on general characteristics of
soils in the region, geotechnical problems as well as con-
servation of heritage and historical sites.

Samarkand ("Stone Fort" or "Rock Town") is the second-
largest city in Uzbekistan and the capital of Samargand
Province. The city is most noted for its central position on
the Silk Road between China and the West, and for being
an Islamic center for scholarly study. In the 14th century it
became the capital of the empire of Timur and is the site of
his mausoleum. The Bibi-Khanym Mosque remains one of
the city's most notable landmarks. The Registan was the
ancient center of the city.

In 2001, UNESCO added the city to its World Heritage
List as Samarkand - Crossroads of Cultures.

Theme and topics which are related of ATC19, ATC3,
ATC10, TC301, and TC305 include:

1. Regional Characterization of Soils and Foundation, and
Geo-Construction

2. Adobe, Tomb and Earthen Structures, Historical Sites,
and Conservation of Cultural Heritage

3. Regional and Traditional Characteristics of Foundation
and Structures

4. Mosque, Minaret, Towers, Citadel, Castles, Stone Ma-
sonry, and Heritage Structures

5. Ancient Caves, Underground Construction, Tunneling,
Transportation, and Infrastructures

6. Ancient and Historical Dam, Embankment, and Ancient
Highways

7. Soil Dynamics and Geotechnical Earthquake Engineer-
ing

8. Ancient, Traditional, and Present Soil Improvements

9. Damages from Salting and Frost including Geoenvi-
ronmental Engineering
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10. Traditional and Innovative Technologies for Geotech-
nical Applications

Secretariat:

Zokhir Hasanov:

«Geofundamentproject»

140147,Lolazor St/70, Samarkand, Uzbekistan
Email: uzssmge@gmail.com,

Fax: +998-66 237-00 16 Tel: +998-66 220-2825
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SAHC 2011, 8™ International Conference on Structural
Analysis of Historical Constructions, October 15 - 17, 2012,
Wroclaw, Poland, www.sahc2012.org

7™ Asian Rock Mechanics Symposium, 15-19 October 2012,
Seoul, Korea, www.arms7.com
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HYDRO

€ ]

Innovative Approaches to Global Challenges
29 to 31 October 2012, Bilbao, Spain
www.hydropower-dams.com

HYDRO 2012 will again bring together the world hydro-
power community from about 80 countries to discuss po-
tential and plans for future large and small-scale hydro de-
velopment. Panellists will discuss investment in hydro-
power: new financing strategies; economic aspects; risk
management; multipurpose benefits; and the public per-
ception of hydropower. Technical presentations will reflect
innovations in technology, design trends, safety, efficiency
and economy in operation, and new engineering challenges.
International collaboration and integrated regional devel-
opment will be other key issues, along with environmental
and social aspects, and climate change.

As policy-makers begin to take a more positive view of hy-
dropower, and more energy and water ‘roadmaps’ are lead-
ing towards new hydro projects, HYDRO 2012 will make a
contribution to the major task of turning policies into prac-
tice.

The topics below are indicators of the scope of the confer-
ence, but other related subjects may also be proposed:

Potential and development needs
Project financing

Commercial and economic aspects
Environmental and social aspects
Multipurpose schemes

Hydraulic and electrical machinery
Hydro in synergy with other renewables
The role and benefits of pumped storage
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System management

Small hydro

Developments in marine energy
Upgrading of equipment and civil works
The image of hydro

Civil engineering

Project management

Sedimentation management.

Information about HYDRO 2012 will be updated regularly in
The International Journal on Hydropower & Dams and on
our website (www.hydropower-dams.com).

An important element of HYDRO 2012 will be the major
international Technical Exhibition which will extend
throughout the Congress Centre, alongside the conference
rooms. About 240 companies active in the hydro and dams
profession will demonstrate their expertise and scope of
supplies or services. 80% of the exhibition space has been
reserved already, so if you have not yet booked, reserve
your space now!

For enquiries, contact:

HYDRO 2012 Conference Management Team

PO Box 285, Wallington, SM6 6AN, United Kingdom

Tel: +44 20 8773 7244; Fax: + 44 20 8773 7255; Email:
Hydro2012@hydropower-dams.com
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International Conference on Ground Improvement and
Ground Control: Transport Infrastructure Development and
Natural Hazards Mitigation, 30 Oct - 2 Nov 2012, Wollon-
gong, Australia www.icgiwollongong.com
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6th Congress on Forensic Engineering
October 31 - November 3, 2012, San Francisco, USA
http://content.asce.org/conferences/forensics2012
index.html

The Technical Council on Forensic Engineering, the Steering
Committee, and Cooperating Organizations, are pleased to
present the 6th Congress on Forensic Engineering to be
held at the Hyatt Regency San Francisco, 5 Embarcadero
Center, San Francisco, California on October 31, 2012 -
November 3, 2012.

Forensic engineering is the application of engineering prin-
ciples to the investigation of failures or other performance
problems. Forensic engineering may also involve testimony
on the findings of these investigations before a court of law
or other judicial forum, when required. Failures are not all
catastrophic, such as when a building or bridge collapses,
but include facilities or parts of facilities that do not perform
as intended by the owner, design professional or construc-
tor.

Objectives:

The objectives of the Congress are to provide a forum for
the exchange of:

1) practices and procedures to reduce the number of fail-
ures,

2) information on failures, their cause, and repair,

3) the state of practice and the process for conducting a
forensic investigation, and

4) the state of practice for ethical conduct.

Who Should Attend:

Those who should attend include forensic engineers, civil
engineers, architectural engineers, building owners, prop-
erty managers, adjusters, attorneys, educators, students
and invited guests. Registrants will benefit from an ex-
change of practices and procedures, educational opportuni-
ties, dissemination of information, opportunities for publish-
ing, networking and will earn professional development
credit.

Program:

The 6th Congress on Forensic Engineering will open with
pre-Congress workshops held on Wednesday, October 31,
2012, to provide educational opportunities and refresher
workshops to examine issues in depth in forensic engineer-
ing. This will be followed by a three-day technical program
on Thursday through Saturday, November 1-3, 2012, with
four concurrent technical tracks, committee meetings,
panel discussions, demonstrations, exhibits, icebreaker
reception, keynote address, awards luncheon, spouse and
technical tours and networking opportunities. Networking
and social events are planned to encourage networking
opportunities among colleagues and other experts, adjust-
ers, attorneys, educators, students and friends.

Topics:

Building Codes

Building Envelope / Buildings and Structures
Purpose Structures

Bridges

Disaster Risk Management
Critical Facilities Due to Tsunami
Education

Engineering Education
Environmental

Failures During Construction
Forensic Investigations
Geotechnical

Legal

Lifeline Earthquake Engineering
Infrastructure

Pipelines

Professional Practice

Repairs and Remediation

San Francisco Projects

Shock, Blast, and Impact (Extreme Loading)
Special Topics

Wind Engineering

3 O

ACUUS 2012 13th World Conference of the Associated Re-
search Centers for the Urban Underground Space Under-
ground Space Development - Opportunities and Challen-
ges, 7 - 9 November 2012, Singapore,
www.acuus2012.com
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32. Baugrundtagung with exhibition “Geotechnik®, Mainz,
Germany, 26 — 29 November 2012

GEOSYNTHETICS ASIA 2012 (GA2012) 5th Asian Regional
Conference on Geosynthetics, Bangkok, Thailand, 10 - 14
December 2012, www.set.ait.ac.th/acsig/igs-thailand

First International Congress FedIGS, 12 - 15 November
2012, Hong Kong - China, www.fedigs.org/HongKong2012

GA2012 - Geosynthetics Asia 2012 5th Asian Regional Con-
ference on Geosynthetics, 10 - 14 December 2012, Bang-
kok, Thailand, www.set.ait.ac.th/acsig/GA2012
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Fourth International Seminar on
FORENSIC GEOTECHNICAL ENGINEERING
January, 10-12, 2013, Bengaluru, India

Forensic geotechnical engineering involves scientific, legal-
istic investigations and deductions to detect the causes as
well as the process of distress in a structure, which are at-
tributed to geotechnical origin. Such a critical analysis will
provide answers to “what went wrong, when, where, why,
how, and by whom”. Cases of remedied installations, par-
ticularly those which, fall under public / or government
category, where the analysis and evaluation of adopted
remedial measures with regard to their effectiveness and
economy may be subjected to judicial scrutiny also, fall
under this purview. It also gives strong inputs to improve
future designs. The normally adopted standard procedures
of testing, analysis, design and construction are not ade-
quate for the forensic analysis in majority of cases. The
forensic investigations involve fresh field and laboratory
tests apart from collection of all available data. The test
parameters and design assumptions will have to be repre-
sentative of the actual conditions encountered at site. While
the designs are mostly stress based, the forensic analysis
has to be deformation based. The forensic geotechnical
engineer (who is different than the expert witness) has to
be not only thorough in his field of specialization, but also
be familiar with legal procedures. This seminar highlights
the principles of planning and executing a forensic investi-
gation citing case histories.

The International Society for Soil Mechanics and Geotechni-
cal Engineering (ISSMGE) constituted a Technical Commit-
tee (TC) on Forensic Geotechnical Engineering (FGE) in
2005. During the first four years it was designated as TC40
and is now designated as TC302. This committee has al-
ready conducted three international seminars on FGE and is
now organizing the fourth seminar during January 10-12,
2013 at Bengaluru (formerly known as Bangalore), India.
The theme of the seminar is “Forensic Geotechnical Engi-
neering” and is divided into ten topics as given below. Dur-
ing this three days seminar, these ten topics will be dis-
cussed in ten sessions:

1. Collection of Data

2. Characterization of Distress

3. Development of Failure Hypothesis

4. Diagnostic Tests

5. Back Analysis

6. Observation Method of Performance Evaluation
7. Reliability Aspects

8. Legal Issues

9. Case Histories

10. Technical Shortcomings
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All Correspondence relating to the seminar shall be sent to
Prof. G L Sivakumar Babu, 4™ ISFGE, Organizing Secre-
tary, Department of Civil Engineering, Indian Institute of
Science Bengaluru - 560 012. Email: isfge2013@gmail.com
Phone: +91-80 2293 3124 / 2360, Fax: +91-80 2360
0404.
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Geotechnical Special Publication, ASCE "“Foundation Engi-
neering in the Face of Uncertainty”. Abstracts to Mohamad
H. Hussein at: MHussein@pile.com.

Geotechnical Special Publication, ASCE "SOUND GEOTECH-
NICAL RESEARCH TO PRACTICE",
http://web.engr.oregonstate.edu/~armin/index_files/Holtz
GSP

Themed Issue on Geotechnical Challenges for Renewable
Energy Developments, Geotechnical Engineering 2013,
ben.ramster@icepublishing.com

Pam-Am UNSAT 2013 First Pan-American Conference on
Unsaturated Soils, 20-22 February 2013, Cartagena de In-
dias, Colombia, panamunsat2013.uniandes.edu.co

TU-SEOUL 2013 International Symposium on Tunnelling
and Underground Space Construction for Sustainable De-
velopment, March 18-20, 2013, Seoul, Korea
www.tu-seoul2013.0rg

Fifth International Conference on Forensic Engineering
Informing the Future with Lessons from the Past, 15-17
April 2013, London, United Kingdom, http://ice-
forensicengineering.com

(G- 4R -0)

CamrneE'vorule the
agacy of Ralph B. Peck

RO el Contoroncdl

llinois

Cas%Hlﬁtorl'?r? |cr£ll Engln

Conference to Commemorate the Legacy of Ralph B. Peck,
7th International Conference on Case Histories in Geotech-
nical Engineering & Soil Dynamics and Symposium in Honor
of Clyde Baker, Chicago, USA, 29 April - 4 May, 2013,
http://7icchge.mst.edu

(C- 4R -0)

ITA-AITES WTC 2013 “Underground - the way to the fu-
ture”, Geneva, Switzerland, 10 to 17 May 2013,
www.wtc2013.ch/congress
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HF2013

Effective and Sustainable Hydraulic Fracturing -
an ISRM Specialized Conference
20-22 May 2013, Brisbane, Queensland, Australia
http://www.csiro.au/events/HF2013

HF2013 is co-organised and sponsored by CSIRO, the Uni-
versity of Utah's Energy and Geoscience Institute, the In-
ternational Society for Rock Mechanics (ISRM) and the Aus-
tralian Geomechanics Society (AGS).

During the conference, participants will explore and recog-
nise the synergies and versatility of hydraulic fracturing in
multiple industries, and promote its sustainable use as a
key technology into the future.

The Conference will focus on three technical themes:

1. Advancing Effectiveness presenting the latest advances in
simulation, theory, field procedures, laboratory experi-
menttation and case studies.

2.Exploring Versatility presenting methods and lessons
from a diversity of application domains.

3.Promoting Sustainability driving toward differentiation
between real and perceived risks, deployment of viable
controls and beneficials public engagement.

Conference topics will include

Preconditioning for mining

Stress management
CO0Osequestration

Naturally fractured reservoirs
Coal seam gas

Shale gas and shale oil

High temperature, high stress reservoirs
Water flooding

Waste injection and remediation
Engineered Geothermal Systems
Environmental remediation
Induced seismicity

Magmatic dykes and sills
Injection grouting

Water well stimulation
Monitoring and predicting growth
Engaging communities.

Contact Person: Dr Andrew Bunger

Private Bag 10, Clayton South VIC 3169, Australia
Telephone: +61 3 9545 8334

Fax: +61 3 9545 8331

E-mail: andrew.bunger@csiro.au
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Second International Symposium on
Geotechnical Engineering for the Preservation
of Monuments and Historic Sites
30 -31 May 2013, Napoli, Italy
www.tc301-napoli.org

The conservation of monuments and historic sites is one of
the most challenging problems facing modern civilization.
It involves a number of factors belonging to different fields
(cultural, humanistic, social, technical, economical,
administrative), intertwining in inextricable patterns. In
particular, the requirements of safety and use appear (and
often actually are) in conflict with the respect of the
integrity of the monuments. In almost all countries of the
world the conservation is looked after by an official trained
in Art History or Archaeology. He has generally the control
of any action to be undertaken, and imposes constraints
and limitations that sometimes appear unreasonable to the
engineer. The engineer, in turn, tends to achieve safety by
means of solutions which appear unacceptable to the
official in charge of conservation, sometimes mechanically
applying procedures and regulations conceived for new
structures. It is evident that some equilibrium has to be
found between the safe fruition of a monument and the
respect of its integrity. The former task belongs to the
know-how of any well trained and experienced engineer,
while the latter one is more difficult, being the same
concept of integrity rather elusive.

The difficulty of the problem is increased by the lack of a
general theory, universally accepted and guiding the
behaviour of the actors involved as the Mechanics does
with the structural engineer. The possibility of finding in
practice an acceptable equilibrium is linked to the develop-
ment of a shared culture. The International Society of Soil
Mechanics and Geotechnical Engineering contributed to this
development by an ad hoc Committee (TC 19 - Conserv-
ation of Monuments and Historic Sites), that has been pro-
moted over 25 years ago by French and Italian engineers
(Jean Kerisel, Arrigo Croce). A number of international and
regional symposia have been organised, always with large
audience and lively discussions. A Lecture dedicated to
Jean Kerisel will be given for the first time at the next
International Conference on Soil Mechanics and Geotech-
nical Engineering to be held in 2013 in Paris. In this frame-
work, the Technical Committee (now TC301) is organising
the 2" International Symposium on Geotechnical Engineer-
ing for the Preservation of Monuments and Historic Sites,
which will be held in Napoli on May 2013. Its aim is that of
comparing experiences, presenting important achieve-
ments and new ideas, establishing fruitful links.

The contributions to the Conference should focus on the
following main themes:

1. Geotechnical aspects of historic sites, monuments and
cities;

. Past design criteria and traditional construction methods;

. Techniques to preserve ancient sites and constructions;

. Rehabilitation of heritage;

. Role of geotechnical engineering in preservation of cul-
tural and historical integrity.

abhwnN

Scientific secretariat

>eAida 43



For general queries please contact:
info@tc301-napoli.org

For queries about paper submission please contact:
secretariat@tc301-napoli.org

or

Stefania Lirer (phone: +39 081 76 85915; email: steli-
rer@unina.it)

Emilio Bilotta (phone: +39 081 76 83469; email:
emilio.bilotta@unina.it)
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STREMAH 2013 13™ International Conference on Studies,
Repairs and Maintenance of Heritage Architecture, 25 - 27
June 2013, New Forest, UK,
carlos@wessex.ac.uk
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The 6th International Symposium on
Rock Stress
20-22 August 2013, Sendai, Japan
http://www2.kankyo.tohoku.ac.jp/rs2013

The aims of the Symposium - RS2013 - are to discuss vari-
ous problems and topics on rock stress and rock stress
measurements for the benefit of exchanging knowledge to
all the countries of the world. Contributions are welcome
within civil, mining, geothermal, petroleum engineering and
earth science.

Rock mechanics engineers, researchers and practitioners,
as well as geologist, geophysicist and earth scientist are
welcome.

Scope & Themes

The focus of the Symposium is to find a new trend in the
field of rock stress and its measurement at a wide variety of
depths for earth science and engineering. Topics of interest
include, but are not limited to:

e Pactical approaches to in situ stress measuremnts
e Frontiers of in situ stress measurements

e Integration of stress data and methods

® Rock stress for deep mining

® Rock stress for energy source developments

e Tectonic stress and earthquakes.

Contact: info-rs2013@mail.kankyo.tohoku.ac.jp
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18" International Conference on Soil Mechanics and Geo-
technical Engineering “Challenges and Innovations in Geo-
technics”, 1 - 5 September 2013, Paris, France
www.paris2013-icsmge.org

Géotechnique Symposium in Print on Bio- and Chemo-
Mechanical Processes in Geotechnical Engineering,
www.elabs10.com/content/2010001471/SIP%202013.pdf

3 O

EUROCK 2013
ISRM European Regional Symposium
Rock Mechanics for Resources, Energy and En-
vironment
23-26 September 2013, Wroclaw, Poland

Contact Person: Prof. Dariusz Lydzba
Address: Wroclaw University of Technology
Faculty of Civil Engineering

Department of Geotechnics and Hydrotechnics
9, Plac Grunwaldzki

PL-50-377 Wroclaw

Telephone: (+48) 71 320 48 14

Fax: (+48) 71 320 48 14

E-mail: dariusz.lydzba@pwr.wroc.pl

(G- 4R -0)

ANDORRA 2014 14th International Winter Road Congress
2014, 4-7 February 2014, Andorra la Vella (Andorra),
www.aipcrandorra2014.org
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EUROCK 2014
ISRM European Regional Symposium
Rock Engineering and Rock Mechanics:
Structures in and on Rock Masses
26-28 May 2014, Vigo, Spain

Contact Person: Prof. Leandro Alejano

ETSI MINAS - University of Vigo

Dept. of Natural Resources & Environmental Engineering
Campus

Lagoas Marcosende

36310 Vigo (Pontevedra), SPAIN

Telephone: (+34) 986 81 23 74

E-mail: alejano@uvigo.es

(C- 4R -0)
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8th European Conference “Numerical Methods in Geotechni-
cal Engineering”, Delft, The Netherlands, 18-20 juni 2014,
www.numge2014.org

10th International Conference on Geosynthetics - 10ICG,
Berlin, Germany, 21 - 25 September 2014 www.10icg-
berlin.com

(C- 4R -0)
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13'™ ISRM International Congress on Rock Mechanics
Innovations in Applied and Theoretical
Rock Mechanics
29 April - 6 May 2015, Montreal, Canada

The Congress of the ISRM "Innovations in Applied and
Theoretical Rock Mechanics" will take place on 29 April to 6
May 2015 and will be chaired by Prof. Ferri Hassani.

Contact Person: Prof. Ferri Hassani

Address: Department of Mining and Materials Engineering
McGill University

3450 University, Adams Building, Room 109

Montreal, QC, Canada H3A 2A7

Telephone: + 514 398 8060

Fax: + 514 398 5016

E-mail: ferri.hassani@cGill.ca

TA NEA THZ EEEEI'M - Ap. 42 — AEKEMBPIOZ 2011 ZgAida 45



NEA AINO TIz AIEONEI2
FEQTEXNIKEZ ENQZEI2

International Society for Rock Mechanics

ISRM

To: all ISRM National Groups
Date: 29 December 2011
Re: ISRM Young Members’ Presidential Group

Dear Presidents of the ISRM National Groups

As you know, the new Board of the ISRM started its term of
office last October and is now beginning to implement sev-
eral measures that aim at improving the benefits the ISRM
gives to its members.

One of these measures is the setting up of the ISRM Young
Members’ Presidential Group (YMPG). This group was origi-
nally established in 2010 and has now to be enlarged in
order to make it more active and to address young mem-
bers’ interests. The YMPG shall be composed of one mem-
ber appointed by each National Group, plus the ISRM Presi-
dent and Secretary General.

The main subjects to be addressed by the YMPG in the term
of 2011-2015 are:

1. Issues they, and younger members in general, have
concerning the Society, such as:

— Creation of a student membership category and spe-
cial fee,

— Mentorship and assistance programs for young rock
mechanics professionals (young members could for
instance be automatically assigned a volunteer ‘men-
tor’),

— Organization of Regional Young Geotechnical Engi-
neering Symposia,

— Organization of Regional Rock Engineering Summer
schools;

2. Initiatives for making the Society more responsive to the
needs of young members;

3. Initiatives for addressing the objectives and purposes of
the Society;

4. Injecting new ideas into the on-going modernisation
plan;

5. Suggestions for promoting the Society to young rock
mechanics professionals who are not members;

6. Initiatives for increasing the overall membership of the
Society,

7. Developing a micro website linked to the ISRM website.

Each National Group is invited to appoint one young mem-
ber, under 35 years of age, to join the YMPG. Please send
to the Secretary General (secretariat.isrm@Ilnec.pt), latest
by 31 January 2012, the details of your representative,
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including: name, date of birth, professional affiliation and
email address.

Yours sincerely
President
MpookaAouvTal Ta peAN TnG EEEEMM va ekdnA@oouv To €v-

dIaPEPOV TOU anooTEAAOVTAG OXETIKO NA.un. otnv nA.dl.
resident@hssmage.gr

Access to the ISRM Digital Library with One-
Petro

One of the advantages of the new Membership Manage-
ment System is the improved access to the ISRM Digital
Lybrary, which is hosted by OnePetro.

From January 3rd, the new ISRM usernames and passwords
will be used to validade ISRM membership on the site One-

Petro.org.

If you never tried this ISRM service, create an account with
Onepetro using your email and a password of your choice.
Then, once in the site, go to My Account and then click to
update your membership information and use your new
ISRM username and password to certify your ISRM member
status. You will then be able to download up to 100 papers
per year, from the many ISRM meetings already uploaded.

If you already use OnePetro, just make sure that you re-
place your ISRM old credentials by the new ones. Please
remember, the new credentials will become active after
January 3rd.

.
Membership Information
Organization a
ARMA

15RM g fasis
Usarnamea: x5 Passwors:

5FE

Emad address: Pasyword.

Jinping II - The world's largest tunnel group is
broken through

On December 8th, 2011, the last one of the world's largest
tunnel group is broken through at the job-site of Jinping II
Hydropower Project on Yalong River, Sichuan, China. The
project is a symbol in the great scheme of Western China
Development and the power transmission from west to
east. The tunnel group contains four power tunnels, one
drainage tunnel and two traffic tunnels. The overall length
is about 120km. The other three power tunnels were drilled
through respectively on June 6th, August 16th, and October
20th.
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The four power tunnels running through the mountain Jin-
ping are in parallel. The average depth of the overburden is
between 1,500m and 2,000m (with the maximal 2,525m),
the average length of the tunnels from the intake to the
surge chamber is 16.67km, and the excavated diameter
changes from 12.4m (TBM boring section) to 13.0m (D&B
section). These make it the world’s largest and deepest
tunnel group.

During four years construction since August 16th, 2007, a
series of difficulties including long blind heading, sudden
water inflow under high pressure, rock burst under high
ground stress, and long tunnel ventilation were overcome.
The success in fighting with all these world-class challenges
is a huge progress in geotechnical engineering.

Wang Jimin and Jiao Kai
Ertan Hydropower Development Company, Ltd., Chengdu,
Sichuan, China,610051.

O3 D

SIMSG ISSMGE

N

TC 211

ISSMGE TC 211 GROUND IMPROVEMENT
NEWSLETTER n°3, December 2011

Dear Reader,

As promised in our second Newsletter we would like to in-
form you about the on-going progress with the organization
of IS-GI Brussels 2012 and the Short Courses on Wednes-
day 30 May 2012. This Newsletter contains the full pro-
gramme of the 3 Short Courses.

1 Organizing Committee

After the first meeting in Lille (France) on 11 May 2011,
other meetings of the Organizing Committee took place in
Brussels on 17 June, 29 September and 7 December. So
the Organizing Committee is working very hard to offer you

all a very well organized symposium in Brussels next year.
Below a picture taken during the last meeting on the 7th of
December.

2 Sponsoring

The Organizing Committee acknowledges the support of 17
companies, subdivided as follows:

6 Platinum Sponsors

9 Gold Sponsors

2 Silver Sponsor.

It has been decided to limit the number of Platinum Spon-

sors to 6. So actually additional sponsoring is only possible
for Gold and Silver. Sponsoring conditions can be found on

the symposium website www.bbri.be/go/IS-GI-2012.

PLATINUM SPONSORS

Cofra
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-y <«
—= DEME @ oy

P — ANCH
IS MENARD U BAGHY

GOLD SPONSORS

GRO
me=m = DENYS  SVEIFFAGE ™

25050 ez
LIEBHERR Tensar. T remma d o
Terre Armée AssoelATES

SILVER SPONSORS

BT hwia

3 Short courses

The programs for the 3 short courses on Wednesday 30th
of May have been finalized and are given below. Please
note that the program may be subject to minor changes.
Participants will be informed accordingly.

The proceedings of the short courses will contain the
powerpoint presentations.

Participants to the short courses will only receive the pro-
ceedings of the Short Course they are attending.

TA NEA THZ EEEEI'M - Ap. 42 — AEKEMBPIOZ 2011 ZgAida 47,



4 Symposium

All available information can be found on the symposium
website www.bbri.be/go/IS-GI-2012

On-line registration is possible since begin November 2011.

The deadline for early-bird registration is 15 January 2012 !

SC1: MARINE GROUND IMPROVEMENT. | Caordimators:

M. Van Den Broeck, DEME, Belgium
5. Brevelle, GHD, Australia
Ph. Liausu, MENARD, France

PROGRAMME

09130 — 10000
10h00 — 10030
10h30 — 11000

11130 — 12000
12000 — 12030
12030 — 13000

14h00 — 14030
14130 — 15000
15h00 — 15030

16h00 — 16030
16030 — 17030
17040 - 17035

18000 — 20000

: General Overview of Ground Improvement methods. P. Mengé, DEME, Belgium
: Overview of major geotechnical concerns, M. Fan Den Broeck, DEME, Belgium
- Site investigations for Marine Ground Improvement, 5. Brerelle, GHD, Australia

: Dynamic compaction and replacement. Ph. Liausu, Ménard, France
: Vibroflotation. 5. Lambert, Keller France
: Rapid Impact Compaction, J. Dyksrra, COFRA, The Netherlands

: Consolidation PVD, I Chu, Jowa State University , USA-Singapore
: Vacuumconsolidation, B. fndraratna, University of Wallongong, Australia
: Soft Seil Improvement, M. Van Den Broeck, DEME, Belghum

: Reuse of dredged material. Project AMORAS
: Case studies, P. Mengé and M. Van Den Broeck, DEME, Balgium
: Discussion

: Reception

During the presentations special attention will be given to the specific issues for underwater ground
improvement design and to monitoring and quality control (constraints and practical solutions).

SC2: DEEP MIXING Coordinators:

J Muertens, Jan Maertens BVBA & KU Leuven, Belgium
N. Denies and N. Huybrechts, Belgian Building Research
Institute, Belghan

PROGRAMME

09h30 - 10015
10h15 - 11000

11h30-12030

12h30 - 13000

14h00 — 14045
14h45 - 15003
15h05 — 15h25
15h25 - 15040
16h10 — 16040
16h40 — 17010

17h10 - 17040
17h40 - 17h33

18h00 — 20R00

General Overview, 4. Puppala, University of Texas, USA
Deep Mixing in contamined soils, 4. Al-Tabbag, Cambridge University

Deep Mixing Equipment:

Bauer, Germany

Solétanche Bachy, France
Liebherr, D. Quasthoff, Germany
Discussion

Deep Mixing Research Belgian Building research Institute, N Denfes
Deep Muung Research KU Lewven, 4. Fervoort

Deep Mixing research Ghent University, D Verastegui

Discussion

Deep Mg Design, & Filz, Virginia Tech, US4

Deep Mixing Monitoring. Noa! Huybrechts, BBRI, Belgium
Case study, E Leamans, ABEF & Soilrech, Belghm
Discussion

Reception

SC3: RIGID INCLUSIONS AND SOIL REINFORCEMENT | Coordinaiors:

T Durgunoglu, Zeats Zenin Tefmolajisi A A,
Turkey,

B. Simon, TERRASOL, France

J. Sankey, The Reinforced Earth Company,
Uis4

RIGID INCLUSIONS

09130 — 10000 : Lessons from centrifuge model tests on piled embankments and foundation over
soil reinforced by inclusions, L. Thorel, IFSTTar, France

10h00 — 10045 : Piled embankments reinforced with Geosynthetics - model experiments and
analytical model developments. 5. Fan Eekelen, Deltares, The Netherlands

11h00 —11h30 : US practice in Load Transfer Platform design : Lessons learned, M Walker, GET
consultanis, USA

11030 —12h05 : A review of the ASIRI research project findings about behaviour and design of
foundations on soil reinforced by rigid inclusions, B. Stman, Terrasol France

12h05 — 12020 : Design of spread footing on soil reinforced by nigid inclusicns, B. Simon
Terrasol, France

12h20 —12h55 : Design of slabs on grade supported with reinforced soil by rigid inclusions and
Design assessment of limiting pressure at head of inclusions, J. Racinais,
Menard, France

BEINFORCED SOIL

14000 — 14h45 : Introduction to Mechanically Stabilized Earth (MSE) Wall Technology. J. Sankay, the
Reinforced Earth Company, US4

14h45 — 15h30 : Review of Inextensible and Extensible MSE Reinforcement Applications

15030 —15h45 : Discussion

16h15—17h00 : Application of Local Country Codes for MSE Wall Design

17h00 —17h45 : Combined MSE Wall Applications with Ground Improvement Technologies, I
Durgumogiu, Zetas Zemin Telmolojisi A.5., Turkay

17045 —18h00 : Discussion

18h00 — 20000 : Reception

5 Other TC 211 related events

Through members of the TC 211 we received information
on the following events:

- International Conference on Ground Improvement and
Ground Control — Transport Infrastructure Development
and Natural Hazard Mitigation, ICGI Wollongong 2012,
30 October - 2 November 2012,
www.icgiwollongong.com. This Conference, on the An-
tipodes of Brusseles conference is co-sponsored by the
TC 211, and belongs to the core activity of the TC 211.
We will soon be requesting ideas and suggestions from
all participants in the preparation of the S.0.A. report
attributed to our TC211.

- Technical Session “Behavior and characterization of ce-
mented and stabilized soils” at GeoCongress 2012 in
March 2012, Ramiro.VerasteguiFlores@Urgent.be.

6 Next Newsletter

We will try to include in the next newsletter a list with re-
cent references to publications and internet sites concern-
ing the themes given in the terms of reference.

Please transmit all available information to the secretary
Noél Huybrechts, noel.huybrechts@bbri.be.

The next newsletter will be edited in March 2012.

W wvisih you all] Hhe best for 2012
&rm? &@@@@&a@mﬁm
occ
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When Nature Destroys in Slow Motion

On May 6, the iris garden alongside Jim and Charity Mar-
latts’ house on a mountain two hours north of Albany was
cleaved by a small crack only two inches wide. It was the
start of a natural catastrophe, one that is still unfolding at
an excruciatingly slow pace.

The home of Jim and Charity Marlatt hangs on the edge of
a mudslide in Keene Valley, N.Y.

The Marlatts’ treasured glass-and-wood retirement home is
now on the scarp — the geologic term for the edge above
— of the largest landslide in New York State history. An 82-
acre section of earth is slipping downhill and taking trees,
rocks and houses with it.

But unlike the landslides that occur in a rush as debris
breaks free, usually after a torrential rain or earthquake,
this one is occurring incrementally, moving from two inches
to two feet per day. "It is like Chinese water torture,” Ms.
Marlatt said, “drip by drip.”

Within weeks, the crack in the garden extended nearly a
mile and as the land on the downhill slope began sliding
away toward the valley, it created a step that is now a 20-
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foot vertical drop. Half of the flowers and half of the prop-
erty beneath the Marlatts’ house went with the sliding
mass.

Before long, their master bedroom and dining room were
hanging over the cliff's edge.

The situation is so precarious that the Marlatts have hired
movers to drag their home from the precipice and eventu-
ally situate it 100 feet away, a project estimated to cost
$150,000. Insurance covers none of it.

Mr. Marlatt said that representatives of New York Central
Mutual, their carrier, called it “unfortunate” but that the
company did not compensate expenses from damage
caused by landslides. They would not send an assessor out
to take a look, he said.

Other homeowners — a total of six have so far been af-
fected — have been similarly denied. The American Insur-
ance Association says the risk of landslide is so difficult to
predict that routine policies omit damage from such events.
Landslides almost always require separate coverage.

Ask and geologists will say that landslides are much more
common than people realize. The United States Geological
Survey estimates that they occur in every state and each
year kill on average 25 people nationally while wreaking $1
billion to $2 billion in damage. Yet they are perhaps the
least studied of the natural disasters and difficult to antici-
pate, said Francis Ashland, a research geologist with the
survey.

Slow-moving landslides are also not uncommon, particu-
larly in the West. For example, geologists have been follow-
ing a very slow slide in North Salt Lake City, Utah, that has
been on the move since 1998.

New York State is not generally perceived as landslide terri-
tory, but in mountainous areas upstate there are quite a
few. The last really large one occurred in Tully Valley, just
south of Syracuse, in 1993, during which several homes
and dozens of acres of cropland were ruined. Albany and
Schenectady have also been the sites of smaller but still
costly slides.

The high peaks around Keene and the Finger Lakes Region
have been found to be particularly susceptible to the slides
because of loose soil deposited on bedrock and formed by
glacial lake sediment thousands of years ago, said Andrew
Kozlowski, the associate state geologist with the New York
State Museum and director of its geological mapping pro-
gram.

For geologists, figuring out the timing and location of the
slides is the real challenge. This has been an active year for
slides from Burlington, Vt., to Pittsburgh, said Dr. Ashland,
who is studying their underlying cause and rate of occur-
rence. Western Pennsylvania currently has the highest
landslide hazard in the country.

“In general, the likelihood of landslide occurrence increases
during wet cycles in which there are more wet years than
dry years and periods of successive wet years,” he said.

Abnormally heavy snows and spring rains prompted the
Keene Valley slide, said Dr. Kozlowski, who is the lead sci-
entist here. To his trained eye, it is clear that there were
landslides on this slope before, but hundreds of years ago.

He said this landslide, about a mile wide, was probably set
off as groundwater built up and eventually loosened soil as
deep as 80 feet. Once surface cracking began, it allowed
more water in, and now the whole side of the hill, 60 to 80
feet down, is on the move.
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While the actual motion is not detectable to human feet,
residents and scientists alike are wary of moving about the
slide because occasionally a tree is felled or a boulder is
loosened and sent rushing down the slope.

The toe of this landslide, or the bottom, is flowing slowly
out on a field in the valley. There, it has already cracked
trees and an electric pole and is threatening a farmhouse,
about 50 yards away across a dirt road, that Dr. Kozlowski
predicts will be damaged within the year.

Steel beams have been placed underneath the Marlatts'
home so it can be moved; insurance will not cover the
$150,000 cost.

He will not venture a guess as to when the flow might
cease. "It could be three months or three years or longer,
depending on rainfall,” he said.

This house has been condemned due to the mudslide in
Keene Valley.

It is theoretically possible to mitigate a slow slide through
extensive drainage and by buttressing the toe, but Dr. Ash-
land said such work was expensive and often did not pass a
cost-benefit analysis. He added this would certainly be the
case in Keene Valley.

That means homeowners like the Marlatts have little choice
but to hope for fine, dry weather.

“We just pray every day for sunshine,” Ms. Marlatt said. As
she spoke, the sky out of the windows of the guest house
darkened with a storm.

(Leslie Kaufman / THE NEW YORK TIMES, June 13, 2011)
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ENAIAG®EPONTA -
2EI>2MOI

Bp£Onke yiati Ta {®a npoBAENOUV TOUG CEICHOUG
NMpwTonopiakn épeuva BpeTavav kal AHEPIKAVAOV €-
nicTNHOV®WV

Ta {wa unopei va avTiAauBavovTal TIG XNUIKEG aAAayEG nou
oupBaivouv oTa enipaveiaka vdarta Aiyo npiv anod €va ocio-
MO, YEYOVOG nou €Enyei Tn ouxva avrnouxn CUMNEPIPOPA Kal
TAV «MAaVTIKA» IKAVOTATA TOUC, NOU €xel napatnpnBsi os 0An
Tn ' ano noAU naAid. H véa auTr €nIOTNUOVIKN EKTiUnon
BacioTnke oTnv napartipnon diac opddag BaTpdxwv nou
eykaTéAelyav Tnv AIgvouAa Toug oTnv nepioxn A' Akouila
TnG Italiag, Aiyec PEPEC mpiv AABEl XWPA O KATAGTPOPIKOG
oglouog To 2009.

O1 €pEUVNTEC, HE ENIKEPAANG TOV YEWPUOIKO DpivTuav dpd-
IvT TnG NASA kai Tn BioAdoyo PaxnA kpavTt Tou AvoikToU
MavenioTnuiou Tng BpeTaviag, nou dnuogisucav Tn OXETIKA
HEAETN oTo JigBveEG NepIodikd yia BEpata epeuvv NepIBAA-
Aovtoc kal dnuociag uyeiag «International Journal of
Environmental Research and Public Health», cUp@wva pe 10
BBC, nigteliouv OTI n MAPATAPNCN TNG CUMMEPIPOPAG TWV
{wwv B6a npenel va evowpaTwBei enionua oTig peBOdoug
NPOBAEWYNG TWV CEICK®V KAl CUCTAVOUV TN CUVEPYAOiad YEW-
AOywv kai BloAdywv, woTe va peAeTnBei kaAUTepa To BEpa.

JUPPWVA PE TOUG EPEUVNTEG, TA MNETPWHATA GTOV (AOIO TNG
NG, mMou uQioTavTal IoXUPEG TEKTOVIKEG MIECEIG Alyo mpiv
ano éva ociond, aneAeubBepwVoUV POoPTIoUEVA owHaTidla, Ta
onoia avTidpoUv WE TA VEPA, MPOKAA®VTAG MWId CEIpd ano
XNHIKEG HETABOAEG. Ta Cwa, nou {ouv PETA OTO VEPO N KOV-
TA Ot QUTO, €XOUV WEYAAN euaiobnoia o€ auTéG TIG aAAayEG
Kal €101 €ival og B€on va TIG AVIXVEUOOUV AKOHA KAl HEPEG
npIv 0 OSICUOG CUWBEI.

O1 Bartpaxol-yeravaorteg TnG A' Akouila dev ouvioToUV e-
HOVwHEVN nNepinTwon, kabwg oTn JIdpKela TNG NAykOoUIag
IoTopiag €xouv avagepBei MoAAG nepioTaTika e diagopa
{wa (epneta, apeifia, wdpla k.d.) MNoOU CUUNEPIPEPOVTAV
acuvnBioTa f €peuyav Yakpia ano pia nepioxn 6nou ouvTo-
Ma enpokeiTo va «xTunnBei» and oeiopo. MNa napadeiyua,
otnv Xaitogvyk TG Kivag, To 1975, pExpl Kal £va pnva npiv
OupBel évag peydlog o€iopOG, Ol KATOIKOI Mapartnpnoav Ta
@idla va ETpun®vouv POva TougG ano TIC PWAIEC TOUG Kdal
MaAioTa péoa oTov Xeldwva, dnAadn oTo MECO TNG XEIMEPiag
vapkng Toug, awnewvTac Bepuokpaciec KATw Tou pNdEvog,
napoAo nou KaTl TETolo ATav oxeddv auTokTovia yia Ta Yu-
xpoaiya spnetda. To 2009, orto Sav NTiEyko TnG KaAipodpvia,
ol KaTolkol €idav va Byaivouv oTIC akTEG Oekadeg kalapdapia
nou fouv ot peydAo BaBog (200-600 pETpwv), Alyeg wpeg
npiv oupBei €vag PeyaAog o€IouOG.

ZTnv nepinTwon Twv nepinou 100 Batpaxwv Tng A' AkouiAa,
n KoivoTnNTa Toug €EagavioTnke and TNV MeEpIOXn nepinou
TPEIC MEPEG NIV TO O€IoPO. OI EPEUVNTEG €Kavav pyaoTnpl-
akd neipdpara kai eniBspaiwoav OTI O TEKTOVIKEC OUVAUEIG
MeTaBaAlouv Tnv xnuikn olvBeon Twv yAIvov udaTtwv. Ta
QopTIoWéva owpaTidla nou aneAeuBepwvovTal anod Ta GUunI-
efOpeva neTpwparta Aiyo npiv ano €va ceiopd, peradidovral
Kal OTa YEITOVIKA NETPWHATA, WOMou pBAavouv atnv enipa-
vela TnG ng kar avTidpouv HPE TOV agpa TnG ATHOOPAIpagc,
HETATPENOVTAC TA WOPIA TNG o< 10vTa. AUTA TA AEPOUETAPE-
poueva BeTIKA QopTIOPEVA 10vTa, CUPPWVA HE NponyoUpe-
VEC 1aTPIKEC WEAETEG, NMPokaAoUv Movoke(PAAoUC Kal vauTia
oToug avBpwnoug kal au€avouv oTo aipa Twv {wwv To €ni-
nedo TNG OEPOTOVivNG, TNG OPHOVNG TOU OTPEG, KAVOVTAG
£T0I MIO AvAoUXa Kal QoBIcuEva.
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MapaAAnAa, Ta 16vTa auta avTidpouVv WPE TO VEPO, WETATPE-
NnovTag To Ot UNEPOEEIDI0O Tou udpoydvou. AUTA N XNMIKN
aAuoida oupBAVTWV Wnopei va PeTaTpEWsl TIG aBAaBeic op-
YavikeG UAeG piag AIpvoUAag r Tng BAAaooag o€ TOEIKEG ou-
oieg, avaykalovTac Ta udpoBia {wa va oneloouv va pUyouv
ano Tn OUYKEKpPIKEVN Neploxn. MpokeiTal yia €va noAUNAoko
gnxaviopd nou, oUPPWVA PE TOUC EMICTHAMOVEC, NPENEl va
epeuvnOei NepaITéEpw, WOTE va kaTavonBei kaAuTepa.

Ol £EpEUVNTEC aQVEPEPAV OTI N HEAETN TOUG (PEPVEI OTO QWG
yla np®wTn Qopd HE €niOTNHOVIKO TPOMNo éva mbavd yewAo-
YIKO, XNHIKO Kal BIoAoyIKO pnxXaviouo nou, péoa ano diago-
peG aAAnAemidpdaoeig, TeAIkA aAAdlel Tn CUPNEPIPOPA MOA-
AoV {OwV nplv Toug oeigpoug, BonbwvTag £Tal aTnV npo-
YVWON auTOV TWV KATAGTPOPIKOV PUCIK®OV QAIVOHEVOV.

(www.kathimerini.gr ye AMNE-MME, 01.12.2011)

H oupnepipopd Twv @pUVwV TNG A’ AKOUIAa dev anoTeAEi To
npwTto napdadsiypya nepiepyng avridpaong {wwv npiv anod
€vav 10Xupo O€lopd. MExpl Ofpepa €xouv KaTaypagei Kai
AAAEG MEPINTWOEIC EPAETWV, AUPIBIWV Kal Yapi®v Ta onoia
npiv and evav geioPo ePpAaviiav npwToyvwpn CUPNePIPopd.

AvaAuoeig Tou Rikitake oe didpopa {wa (ayeAddeg, okuAid,
ydTeg, novTikia, apoupaioug, rouAid, wapia, Qidia, OKou-
Anjkia) degixvouv OTI undpxouv dUO KOPUPEG OTNV KAumuAn
TNG avwuaAnG ouunepIpopdc Twv {wwv, oTic 10 kai oTI¢ 2
WPEC rpiv anod 1o O€ION0. TEVIKA, N avwuaAn ouunepipopd
TwVv {OwV napatnpeital npiv ano CeIoUoUG HEYEBOUG 5 1 Kai
HEYaAAUTEPOUG. ZUUPVa UE TIG UNdpxouoes eVOEIEeIc Paive-
Tar OTI 000 nIo EvTovn &ival N avwuaAn Cuunepipopd Twv
Jwwv, TOOO LIEYaAUTEPO gival TO LEYEOOG TOU EMNEPXOLEVOU
ogeiopol. H npoBAswn Tou peydAou oegiouou oto Haicheng
NG enapyiac Liaoning Tng Kivag, peyebouc 7.3 PixTep, oTn-
PIXTNKE Kal ravw O rnapatnprosic TNG CUUMNEPIPOPAC TwWV
lowv.

XpnioTtog Toatoavigog (1980) «EkBeon AleBvolg Zuvedpiou
“AIEONEZ ZYMMNOZIO I'A THN MPOBAEWH TQN ZEIZMQN”,
Mapiol, 2-6 AnpiAiou 1979», «TEXNIKA XPONIKA», Iavoud-
piog - deBpoudpiog - MapTiog 1980, MoAiTikoi Mnxavikoi -
ApPXITEKTOVEG — Aypovopol-Tonoypd®ol Mnxavikoi, ogl. 50 -
54.
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ENAIAG®EPONTA -
AOIMNA

Ta 10TopIKa XeIpoypa®pa Tou NeUTwva online
oTnv wn@iakn BiBAIoORKkN Tou Cambridge

This is a notebook Newton acquired while he was an under-
graduate at Trinity College and used from about 1661 to
1665 (http://cudl.lib.cam.ac.uk/view/MS-ADD-03996). It
includes many notes from his studies and, increasingly, his
own explorations into mathematics, physics and metaphys-
ics. It was judged 'Not fit to be printed' by Newton's execu-
tor and was presented to the Library by the fifth Earl of
Portsmouth in 1872.

This notebook contains many blank pages (all shown) and
has been used by Newton from both ends. Our presentation
displays the notebook in a sensible reading order. It shows
the 'front' cover and the 30 folios that follow and then turns
the notebook upside down showing the other cover, and the
pages that follow it. Full transcriptions are available for fo-
lios 88r-135r, a famous section of the manuscript where
Newton organises his notetaking according to 'Questiones
quaedam Philosophiae' (certain philosophical questions).
The notebook was photographed while it was disbound in
2011.

Cambridge University Library, Cambridge, UK

To navenioTApio KEUNPITE emTpEnel NAEOV yia npwTn Qopd
Tnv d1adikTuakn npocBacn onoloudnnoTe £v3IAPEPOUEVOU
oTa ywnglonoinyéva xeipdypapa kal npwTtoTuna TunwpEva
£€pya Tou peydAou emioTApova. Metafl autwv BpiokeTal n
npwWTOTUNN TUNWHEVN €KOOON TOU dpIOTOUPYNHATOG TOU
«Principia Mathematica» (Ma@nuaTikég Apxéc TNG DUGCIKAG
®ihogogiag), pali pe TIG €UPONIUEG OXETIKEG XEIPOYPADEG
ONUEIWOEIC KAl anavTnTIKa oXOAId OTOUG EMIKPITEC TOU, Mou
0 id10¢ €ixe kavel Nndvw oTo J3IKOG TOU avTiTUNO.

Méxpl OTIYUNG, oUNPWva Pe Tn Bpetavikh «MkdpvTtiav», ne-
p1ocoTeEPEG and 4.000 oeAideg, dnAadr nepinou To €va neEY-
nTo Tou apyeiou Tou NeuTwva, nou d1ATNPEl TO PNUIOHEVO
navenioTrApio, €xouv wn@lonoinBei kal €ivar npooBaciya
online oTo nNAdiclo evog npoypdapuaTog, To onoio Ba dwaoel
0TO €UPU KOIVO MpooBacn OTo £pY0 Kal AAAWV «KOAOGOmV>»
TNG ENICTAKNG, ONWG 0 AapBivog.

'Onwg dnAwaoe o uneuBuvog yia TNV wneionoinon otn BIRAI-
06nkn Tou Keunpitg, FkpavT Mavyk, Ta xeipoypapa Tou Ne-
UTwva anokaAUNTouv Tov TPOMO Mou OKeNTOTav Kal oradia-
KG npoxwpoUOoe OTIG ONUAVTIKEG avakaAUWEIS Tou, Mou
oppayioav Tn olyxpovn €NIGTAKN.
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MNa pi€Te OPWG Kal Wia PaTia Kal oTo onueElwPaTapld Tou. A-
vayvwpigete ™ yAwaooa nou XpnoigonoloUoe;
(http://cudl.lib.cam.ac.uk/view/MS-ADD-03996/9).

Mnopeite va Wa&ete oelida - oeAida Tig 285 oeAideg auTwyv
TWV XeIpoypapwv Tou Ioadk NeUuTwva, va peyeBUveTe KABe
oelida Onwg BEAETE (UNAPYXOUV OXETIKA KOUMMIA €A€yxou)
kal va diaBacete Tnv EAANVIKN yA®wooa nou xpnaoigonoinge
napaAAnAa pe Tnv AyyAikn.

O3 D

NopTn Tou veEOAIOIKOU nAIOOTACIOU

AKOpa apXaléTEPOG «vaog Tou 'HAlou» kpuBoTav oTo
UNE€SaPoG TOU ZTOOUVXEVTL

AKOUa Kal onuepa, ekaTovTadeg avBpwnol yiopTalouv oTo
ZTOOUVXEV( TO BepIVO NAIOCTACIO

XpNoidonolwvTag eEeNIYUEVEG TEXVIKEG AMNEIKOVIONG TOU UME-
ddpoug, d1gBvnG opada apxaloAOywv €evTOMIOE KOVTA OTO
KEVTPIKO HVNUEiO TOu ZTOOUVXEVTL eVvIEi&eIc yia €va akoua
naAaidTepo Xxwpo AATpeiag, oTtov onoio @aiveral 6T eopTalo-
Tav To Bgpivo nAloaTaacio.

O1 gpeuvnTEG avakaluwav Ta Bappéva ixvn dUo AAKKwv, ol
onoiol euBuypappiovrav pe Tov ‘HAIO TNV WPA TNG avaToAng
kal Tng duong, oTav Kaveig TIG koiTalel and Tn B&on evog
oYKkOAIBOU KOVTA OTNV ONUEPIVI KEVTPIKN €i00d0 TOU apxai-
oAoylkoU xwpou. AUuTO GUVEBAIVE HOVO KATA TO BePIVO NAI-
00TACI0, TN HEYAAUTEPN HEPA TOU XPOVOU.

Ta véa gupnuarta dev €xouv xpovoloynBei pe akpiBeia, eivai
OMWCG Npoaveg OTl gival naAaidtepa anod To 3IGoNUO VEOAI-
B1kO pvnueio Tou ZTO0UVXEVTL, nAikiag nepinou 5.000 eTwv.
H nepioxn dev £xel avaoka®ei, woTdao ol Adkkol €ival opa-
Toi Og €IkOVEG and payvnToueTpa (napddeiyua ornv evOetn
aploTepd) Kal aAAa opyava aneikoviong Tou uneda@ouc.
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'Onwg avakoivwoav ol apxaloAoyol Tou avenioTnuiou Tou
Mnépuiyxau, ol onoiol ouvepyalovTtal Je ouVadEAPOUG TOUG
oTtn Biévvn, ol dUo AdkKol NIOTEUETAl OTI NTAV Ta ONueEia oTa
onoia EekivoUoe Kal TEPUATI(E Wia Nounn nou akoAouBouoe
Tnv Kivnon Tou 'HAlou oTtn didpkKeia TNG NUEPAC.

«Ta ouvapnaoTikd auTd gupnuaTa unodeikvuouv OTI, NApoO-
A0 Nou To ZTOOUVYXEVTL £YIVE TENIKA TO ONUAVTIKOTEPO HVN-
JEio Tou Tomiou, Oev anoKAEgieTal va punv ATAv navrta 7o Po-
VO, | TO ONUAVTIKOTEPO, TEAETOUPYIKO ONMEIO TNG MEPIOXNG
Kal eVOEXETAI VA €YIVE CNUAVTIKO WG 1EPOG TOMOG Napda noAu
apyoTepa» avagépel o kabnynTtng Bivg Mkagvi, enikepaing
TNG MEAETNG and To KévTpo ONTIKNAG Kal XwpIkAg Texvoloyi-
ag IBM oo MavenioTrhpio Tou MnEppiyxay.

O1 Adkkol, PJEOa OTOUG OMOIoUG EKTINATAl OTI WNoOpEi va u-
nApxav EUAIVol oTUAoI, oykOAIBOI 1| QWTIEC Mou onuadsuav
Ta onpeia, Bpébnke evtog Tou «NeoAiBikou Cursus», pIag
yvwoTng diadpopng nou opiletal anod dUo napdAAnAa xavra-
Kia.

«Eival niBavo ol nopneg evrog Tou Cursus va kivouvTtav anod
Tov avaTtoAikd AAKko To Enuépwpa, ouvexilovTag avaToAika
KaTa pnkog Tou Cursus Kal, akoAouBwvTag Tnv nopeia Tou
'HAIou, kivoUvTav niow npog Tn dUon, GTavovTag oTov duTi-
KO AAGKkOo TO nAioBaciAepa, yioptafovrav Tn MeyaAUTepn
MEPa Tou Xpovous ikalel o Ap Mkagvi.

H opdada Tou kabnynTtn €peuvd To uUNEdAPOC TNG MEPIOXNG
and 1o 2010, oTo nAdioio Tou gpeuvnTikoU poypappaTog
Kpuppévwy Tomiwv Tou STOouvXevTL.

(Newsroom AOA, 28 Noe. 2011)
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NEEZ EKAOZEIZ 2TI2
FEQTEXNIKEz
ENIZTHMEZ

BiBAio 0X1 YEWTEXVIKAG MNXAVIKAG AAAG and YEMTEXVI-
KO HNXAVIKO...

IMNYPOL KABOYNIAHE

Mpdtn opd

Tnv Aeutépa, 12 AekepBpiou 2011,
napouciacTnke oto BiBAlonwAeio IA-
NOZ T0 BIBAio Tou npwnv Mpoédpou
TnG EEEEMM kai péloug Tng EkTele-
oTiknG Enirponng Znupou KaBouvidn
«MpwTn Qopd». H napouciacn Tou
BiBAiou €yive and Tnv dnuoacioypd@o
™G epnuepidag «H KAOHMEPINH»
Mapia KaoTouvakn kdl Tov nointn
TiTo MaTtpikio. MapaBETOUPE, OTN OUVEXEIA, TO KEIPEVO TNG
napouagiaocng Tn¢ Mapiag Katoouvakn.

Oa Eekiviow napabEtovTag €va pikpd anoonacpa ano Tov
npoAoyo Tou ZnuUpou KaBouvidn oo BIBAio Tou «MpwTn go-
pa»: «MpWTEC POPEG UNAPXOUV MOAAEG, NAUMOAEG oTn Jwn).
AUTEG nou kaTaypagovTal €dw dev €ival avaykaoTika ol on-
MavTikOTeEPES. 'Onwg Ba ‘Tav, yia napadsiyua, n npwTn Pepa
OTO OXOAEI0, 0 MPWTOG £pWTAG, N NPWTN PEPA OTn JoUA&Iq,
n npwTtn Mépa Tou naidiol cou. AuTo To BIBAio anoTeAeiTal
and dekasvvea Oinynuara, dekAgvvea OTIYHIOTUNA. APKETA
gival auToBloypa®ikda, opioUEvVa €ival EUNvVeucueva ano din-
YNOEIG AAAWV, €0TW Kal av OAa €ival ypauueva o€ NpwTo
nPOCWNO, O MOAAG €XEI EIOXWPNOEI KAl N pavTaacia».

Suvexilw Pe KATI Y KATI Nou €ine o TiTog MNaTpikiog o€ ouv-
€VTEUEN Tou oTo Bripa npiv and Aiyeg npEPEG HE apopun TNV
£€kd0oan TNG VEAG TOU MOINTIKAG GUAAOYNG «ZuyKaToiknon e
To napdv»: «Mag apeoel - dev PAG APECEl, EIHAOTE avayka-
OMEVOlI VA OUYKATOIKOUWYE HME TO Mapov, ylaTti pgovov E€Tol
MnopoUpe va SoUpe moU BpIoKOPACTE KAl EVOEXOHEVWG VA
Xapakoupe, €0Tw apudpd, évav dpouo yia To nol 6a ndpe.
'Exw Tnv aiobnon o1 n avakAnon Tou napeABoOvTog yiveTal
nia Ox! yia va To €NICKOMNMCOUKE KPITIKA aAAd yia va To vo-
OTAAYNOOUME Kdal KATa €&vav @avraciakd Tpomno va eni-
OTPEWOUHE OTO NApPeABOV».

AvapwTnlnka av auto xapakTtnpilel Ta 19 agnynuara Tou
Znupou KaBouvidn nou EekivoUv To 1944 kal £XOUV AVoIXTN
nuepopnvia AAENg, MIag kair To TeAeuTaio eniypageral «H
npwTn Wou kndeia»! & auTo To TeAeuTaio, 19° aenynua, o
SnUpog KaBouvidng pag KAvel CUPPETOXOUG Kal OUVEVOXOUG
oTnv kndeia Tou. MNMPooPIAEG naixvidl TNG pavTaciag Kkal Tou
€yw, nou nouBeva dsv BoAeleTal kal dIEkdIKEI NAvTa TNV Ka-
AUTepn B€on yia €va navopapikd @IvVAaAe. H eikovikn kndeiag
Hag w¢ unspnapaywyn, avaloya We TIC andaiTrosIC Tou KaBe-
VOG Mag, dNAMVEl TNV €IKOVA NOU €XOUME YIid TOV €QUTO MAG,
katavépel euBUVeG Kal pOAoUg oToug allouc. Eival n oTiyun
TnG unépTtaTtng (auTo) Ikavonoinong. To opoAoyei Kai o idiog
0 OUYYPAQEAG: «Zag To OUVIOT® AuToO To OVEIpO (pavTtacia
nou avavewveTal. MNpoo@épel eowTepikn d1EE0d0 OTO vap-
KIooIoMO, yia va pnv Es@TiAilOpaoTe KIOAAC, Kal aprvel na-
VTA avoIXTEG MPOONTIKEG Yia To enopevo. H Twn xpeidleral
TIC (PAVTACTIKEG KNOEIEC».

KI €d®, KaTa Tn yvOunN Hou, Pnaivel n nmo €IAKPIVAG Kal a-
noTeAeopaTikn niveAid: H kabe npwTn (opa eival Tautoxpo-
va kal n TeAeuTtaia. Ooeg enavaAfyelg kal BEATIWOEIG KI AV
emdExeTal, 600 €EWPAioTIKO N anodounTIKO KI av €ival To

naixvidl Tng HvAuNG, N Kabe yévvnon - kataypaer Tng oTly-
MNG, ouvundapxel Pe To Bavato TngG. KaAwoodpiopa kai ano-
XQAIPETIONOG.

>To avBoAoyio auTo and «npwTEG PopPEC», kKaBOAou avape-
VOMEVEG, ONWG JdIEUKPIVICETAl Kal agTov NMPOAOYo, O Znupog
KaBouvidng kavel, autod nou Ba AEyape pe KivnuaTtoypagl-
koUG Opoug, €va NMpwTOTUNO vTekounad. NTekoundy eivail n
KATATHNON TOU Osvapiou os NAAva, O TEPAXIOHOG WE OXETIKA
akpiBela Tng dpAcng Tou aPnyANATOC O NAAvVA, OKNVEG Kal
0oeKavg npiv 1o yupiopa.

MapakoAouBoUpe Aomnodv Tnv &vapén Tng «Taiviag», Agkép-
Bpn Tou ‘44, pe TN yévvnon Tou ZnUpou otnv ABAva, PE Tn
OUMBOAR kal npooTacia Twv MeydAwv Auvdpswv (1), kai
ouveyxiloupe JE MIKPEC N HeyaAUTepeg dpaokeAiEc oe diado-
XIKEG YEVEBAIEG ouvavTnoelG: To @IA, TO poK €VT poA, To
peBUOI, To kouaToUI. 'OAa npwTa. KaBdoAou 6uwg pubonol-
nUeva. Me eilikpivela, xioUPop, auTooapkaopd kai éva 10o-
CUy10 ouvalioBnuaTwy: ioeg dOTEIC peAayxoAiag, npayuaTiko-
TNTAG KAl AOYOTEXVIKNAG HETAYPAPNG TNG, oUvBeong kal anod-
dounong. dTaisl n PvAun yI auto, n nAikia, A To yoUoTo nou
oppayilel kABe enoxr); Exoupe kar Aépe «DiIAi», 1953: Uo-
Tepa anod xpodvia 1o und&avlo evtunwaiakd PaAAi TG Aw-
pag pnopei va ATav kal EENAUPEVO, TA UNEPOXA MMAE pATIA
Eebwplaopeva! «Na un oag nw OTl iowg aAAndwpile Kid-
Aag»...

0Ogo yia Tnv npwTn «XuAdmiTa» rfrav To 1960 oe nAikia 15
XpovwVv. EkToTe, pag Aésl o Znupog KaBouvidng, akoAoldbn-
oav... kal AAAeg!  To 1963, n xpovid Tng Aivag, ouvdEeTal pe
TOV popavTiko £pwTa aAAd kal To ado&o TEAOG TNG anoneipag
TOU OUYyYpa®éa va ypdwel noinon.

H diadpopr otnv onoia pag npookdAei onuatodoTeitar and
yuvaikec. H apeodTnTa, XaAapodtnta kalr kabaportnta Tng
NePIYPAPng KAt pag A€el yia Tnv kabopioTikn enidpacn artn
{wn Tou Znupou KaBouvidn Tng Mevikng Mpapparsiag I06Tn-
Tag Twv GUAwv!!!

Aev xpelaleTal va yvwpilel Kaveig npoownika To ZnuUpo yid
va kataAdBsl w¢ avayvwoTtng Ot n BnAukn nAsupd, n onoia
Kal xapilel oTov avTpa yonTeia, NnoAupop®ia kalr eubpauaTo-
TNTa, anoTeAEi OTOIXEIO TOU XAPAKTAPA TOU, TOU TPOMOU Mou
koITalel (0xI BAEnel, koiTalel) Toug avBpwnoug kal Tn wn.

H 16" 1oTopia &€xel TiTAO N «MpwTN TNG Popa» (1972). Npw-
TaywvioTei N MeAiooa kal {gl TNV NpWTN TNG EPWTIKN EUMEI-
pia. Asv Ba eniysivw oTov TpoOMo nou PBIWVETAlI Kal MePI-
ypagpeTral and Tov ypagovTa yiaTi 6a npodwow TNV avatpo-
nr. AAoO BéAw va nw. MW KauId popd o1 «NPWTEG POPEC»
aAAnAodianAékovTtal kal ahAnAoennpealovral. Mwg n Npwtn
(opa Tou aAAou, kapno@opei kalr aTn dIKM Hag Npaypartiko-
TATA, YE TPOMO €UXAPIOTO ) dUCAPEDTO, deV £XEl onuaacia.

O =nUpog KaBouvidng dev wpaionoisi, dsv anoPeUyel Thv
auTokpITikn (yla auToAhoyokpicia dev eipal o B€on va HIAR-
ow!), ypagel eAelBepa. Ev oAiyoic ekTiBeTal. Kal n €kBeon
£xel pilec kal évvoieg unap&lakeg. AIOTI ol avBpwnol, anoi n
EKAEMNTUOWPEVOI, EUPUEIG N NAIBIOI, £pXOVTAl CUVEXWC AVTIME-
Twnol atn {wr TOUG PE TO WPAio, UE TO AOXNMO, HE TO KITG N
HE TO EUTEAEG, HE TO UMEPOXO, HE TO KWHIKO, HE TO TPAYIKO,
ME TO Aupikd, YE To dpapaTikd, PE Tn dpacn, WE TIG NePInE-
TeEIEG, PHE TNV KABapon, 6nwg Agel kal o Kouvtepa. OAeg au-
TEG Ol £VVOIEG €ival dpopol nou odnyouv o€ dIAPOPEC MAEU-
PEG TNG UNApEng, anpdoITeG HE onolodnnoTe AAAO pEDO.

ETol Aoinov ki €dw o Znupog diaAeEe, dpaye, Tov JIKO Tou
TPOMO YIa va €nIOTPEWEl oTo NapeABoOv kal va EavadiaBdaoel
To napov; Kai vai kai oxi. Yndpxel vooTtalyia o€ OAeG auTeg
TIC NPWTEC QOpPEG;, Oa £Aeya apepipyvnoia, avepeAid. Evag
TPOMOG yid va anopuyw TNV NoAupopepévn AEEN «abwoTn-
Ta». AKOMN Kal 0Tav WPIAGEl yia OTIYHEG Mo OUOKOAEG, Aiyo
Copikeg, Oev dpaparonolei. AvalnTdsl Tnv aAnbeid ek Twv
UOTEPWV, €pUNVEVEl UE T EPYaAEia NoU AnNEKTNOE OTO XPO-
vo. AlaBalw ano6 Tnv «MpwTn vuxTa», Maptiog 1974: «MNwg
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Ba pe avakpivouv Kadl yia noio npayua; ©a Pe XTUnnoouv;
Ka noco 8a kpatouoa; ©a opoAoyouoa dpaye; AAAG TI va
opoAoynow; Asv eixa npoAdaBel da va kavw Kal Tinota oo-
Bapd. Kal To okoUANKAKI 0To NATwpa ano nou BpEbnke, anod
noU TpUnwoe; Kal o yAounog oto Tapavi nooa Watt Atav; Ki
av £€oBnve Ba Tov avTikaBioToUoav dpaye r 6a ‘peva oTo
oKoTAdI; MANWG OPWG NpoTiyoUoa To OKOTAdI; SKEPTNKA OTI
MiooUuoa Tov una§iwpaTiko, auTov Mou €iXa VIWOEl OTI HE
pioei. Tov piooUoa Opwg 1 Tov poBopouv; H Tov picouoa e-
neidn Tov GOoROUOUV;>.

H «MpwTtn @opd» eival apaye kai pia eEogoAdynon; Mabai-
VOUME KATI NEPICOOTEPO NPOCWNIKO Yid TOV OoUuyypagea, yia
TIC OUVABEIEC, TNV NPOCWRIKOTATA TOU, TOV WNXAVIOHO TNG
OKEWNG Kal Ta ouvaiobnuparta Tou; AiaBalovrag dnAadn Ta
19 apnynuata Tpunwvouue otn {wr Tou Znupou KaBouvidn
and pia KePKOMOPTA MouU O i010G avoiyel yia va Pag Kavel
kolvwvoug; Eivar agloBalpaocTo naviwg To yeyovog OTI au-
TOG 0 aBepdneuTog pokag PNOpese va neplopicel To NABog
Tou os duo povo ano Ta 19 dinyAuarta! 1957 kal pia Aabog
@lyoUpa oTo pok €vT poA anoBaivel poipaial... 1969 kai n
avenavaAnnTtn euneipia TnG pok ouvauAiag oto AATApOVT
oTn Bopeia KaAipopvia.

AiaoyiCoupe pali Tou Tpeig dekasTieg ‘50, 60 kai ‘70— kabo-
PIOTIKEG YIa TOV MAAVATN, TN MEYAAn kAipgaka, aAAd kai Tn
MIKPR, HIKpOTATN TNG {wNnG Tou €vOG, Tou kaBevog. MNa To
SnUpo, TPeIG deKaceTieg YEUATEG aAIOBNOEIG, EIKOVEG, guvav-
THOEIG. Avapeoa o XvwTa, avBpwnoug, HUpwdIEG. Zav AR-
WEIC anod €paciTeEXVIKA Kapepa. O oknvoBETNG emBUpEl KU-
piwg va pag dinynBei 10TOpieg, MOU PMNOPEI va PAG EVAOVOUV 1)
va pag xwpidouv, Aiyn £xel onuacia. Ekeivo nou perpasl ei-
vai OTlI Jag kaAei avadpopikd g€ pia yiopth. ‘Oxi yiati o,T
dInyeiTal €xel opTaACTIKO NEPITUAIYHA. KaBe aAlo. ANAG yiaTi
Hag cUP@INIOVEN JE auTo nou noape kal dev yvwpilape oTI
kalr aAhor €xouv Tnoel n PE auTd nou Ba BEAANE va EXOUME
{roel kai kanoiol ATAv €kei kal To poipalovral padi pac.

SKEPTOMAI CUXVA: €iJacTe NOAAWV avBpwnwyv avBpwnog.
O Znupog KaBouvidng To cuppepileral.

Aiyo npiv TeAelwow Oa nbeAa va avapepBbw kail naii otov Ti-
To MaTpikio. Aéel: «Ki av yupilel o xpovog nicw / otnv ap-
XN/ onwg yupilel niow pia Bivreokacera To idio adé€ia, e
Tnv idia Tapaxn Ta idia 6a kavaye, ag Ta Kal yaunoes tax.....

TeASIOVW PE Piav euxn. ZAPEPA o SnUpog yiopTalel. ©aGBeAa
n dIKN Wou guxn va e€ival pia npoTtponn. AuTAv nou annu-
Buve o ZTIB TJ{onNG OTOUC AMOPOITOUC TOU STAV(POPVT TO
2005. Kakonabe oTnv eAANVIKN TNG METAPpPacn, aiAd eyw
0a enipeivw yvwpifovrag o1 ansublvopal oe deIvoug yvo-
0TEG TNG ayyAIkng. «Stay hungry. Stay foolish». Kpdra
Tn diwa oou, KpdTa TNV TpEAA oou Znupo. Meive vEoq.

Mapia Katoouvakn

FRALETORAEL AIAOEZH EYPQKQAIKQN

[raking account of comments fram
SLAmIRIsON period]

KaToniv napéuBaong Tou ZuAAdyou

MoAImikwv Mnxavikwv EAAGdag, o

EAOT anogdaioe va d1abeoel Ta Kei-
peva Twv Eupwkwdikwv ota PEAN
Tou ZMME og onpavTika xapnAo-
TEPN TIYA ano auTn nou €ixe ava-
KoIvwOei €wg orpepa. H npoopopd Tou EAOT €xel wg ako-
AoUBwg:
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Baociko Nakéro (nepIAauBAvel Ta KEIMEVA YIQ TOUC EUPWK®-
dikeg : EKO, EK1, EK2 kal EK8) pali pe Ta avrioToixa npoo-
apTrApara. H Tign diabsong Twv napanavw sivai :

e 180 € via Ta Quolkd npoocwna. H £kdoon auTrn npoo-
PépeTal povo Read Only, xwpig duvaTdTnTa EKTUNWONG.

e 360 € yia Ta vouika npocwna. H €kdoon auTr npoogEpe-
Tal Read Only, xwpi¢ ekTUNwOon, We duvaToTNTA EUPEAVI-
onG oTo 0WTePIKO JikTUO Tou ayopaoTh (Héxpl 5 PC).

NMARpeg MNakéTo (nepiAauBavel Ta Keiyeva yia Toug EUpw-
KwdIkeG : EKO €éwg EK9) pagi pe Ta avTioToixa npooapTrpa-
Ta. H Tiun d1d6eong Twv napanavw €ivai :

e 360€ yia Ta QuUOIKA npoocwna. H €kdoon auTr NpooQEpe-
Tal yovo Read Only, xwpig duvaToTnTa ekTUNWONG.

e 540€ yia Ta vopika npoéowna. H €kdoon auTr) NpoopEPETal
Read Only, xwpic ektunwon, pe duvaTtdTnTa €UPAVIONG
OTO E0WTEPIKO OiKTUO Tou ayopaaoTn (HExp! 5 PC).

ETRO1a OUVSPOMN YIid TNV avavewon TwV Keipevwv 20 € /
£T0G

MpoUndBeon yia va 1oxUosl n napoloa npoogopa eival va
npogyypa@ouv 5,000 péAn Tou ZMME kdl TEXVIK®OV €-
TAIPEIOV.

H npoo@opa 6a 10xU0El YIa OUYKEKPIKMEVO XPOVIKO dIaaTnua.
MANPO@OpIEC Kal AENTOUEPEIEG YIA TOV TPOMO MPOEYYPAPNG

Kal ayopd TWV eUPpWKWIIKWV oTnVv 10TooeAida Tou ZIMME
(www.spme.gr/index.php?&sec=8&cid=451).

ZYAAOIOZ MOAITIKQN MHXANIKQN EAAAAAZ, Innokpd-
Toug 9, AGHNA, T.K. 106 79, TnA. 210.9238170, ToT. 210.

9235959, nA.dI. spme@tee.qr.

Geo-hazards During Earth-
quakes and Mitigation Measures

T Publication of the Japanese
YT Geotechnical Society

The Japanese Geotechnical Society
has published "GEO-HAZARDS DU-
RING EARTHQUAKES AND MITIGA-
TION MEASURES - LESSONS AND RECOMMENDATIONS
FROM THE 2011 GREAT EAST JAPAN EARTHQUAKE".

This document is based on experiences with, and lessons
from, the disasters that resulted from the 2011 Great East
Japan Earthquake, 11 March 2011. These documents show
several fields where geosynthetics engineering can be ap-
plied for restoration, reconstruction and new construction.

The full version will be available to be downloaded from
http://www.jiban.or.jp/file/e/pub/lessonandrecommendatio
n2011.pdf.

(November 2011)
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HAEKTPONIKA
NMEPIOAIKA

@ International Society for Rock Mechanics
ISRM Rba . & '

No. 16 - December 2011
http://www.isrm.net/adm/newsletter/ver html.ph
?2id newsletter=67&ver=1

KukAogpopnoe 1o Telxog 16 / Aekéuplog 2011 Tou News-
letter Tng International Society for Rock Mechanics. MNepie-
XOueva:

President’s 2012 New Year Address

New Board of the ISRM elected for 2011-2015

The 50th anniversary of the ISRM

The first group of Fellows of the ISRM was inducted in

Beijing

e ISRM International Symposium Eurock 2012, Stockholm,
28-30 May

e 2nd SASORE, Costa Rica, 7 to 9 August 2012

e ARMS 7, Seoul, 15 to 19 October 2012

e New ISRM Membership Management System

e Access to the ISRM Digital Library with OnePetro ISRM
sponsored meetings

e The 12th ISRM Congress in Beijing was a great success

e 2nd ISRM International Young Scholars' Symposium on
Rock Mechanics

e Jinping II - The world's largest tunnel group is broken
through

e International Journal of the Japanese Committee for Rock
Mechanics

e CRC Press / Balkema - Special Online Offer for ISRM
Members

(C- 4R -0)

vgm_.mmm

www.geoengineer.org

Kukhogpopnoav To TeUxog #83 Tou Newsletter ToOU
Geoengineer.org (AskéuBpiog 2011) pe NOAAEG XPNOIMES
nAnpogopieg yia OAa Ta BEPATa TNG YEWTEXVIKAG UNXAVIKNAG.
YnevOupiletal 0TI To Newsletter ekdideTal and Tov ouvadeA-
®o Kai MEANOG TG EEEEIM AnunTen ZEKKO
(secretariat@geoengineer.org).

3 O

INTERNATIONAL TUNNELLING AND
UNDERGROUND SPACE ASSOCIATION
ita@news n°42
http://ita-aites.org/index.php?id=886&no cache=1

KukAho@opnoe To Teuxoc No. 42 - AskéuBpiog 2011 Twv
ita@news Tng International Tunnelling Association.

O3 D

ITACET

Foundation

|Foundation for Education and Training on
{Tunnelling and Underground Space Use

|}

http://www.itacet.org/Newsletter/05 2011/newsle
tter 5 2011.php

KukAo@opnoe To TeUuxog No. 10 (AskéuBpiog 2011) Tou
ITACET Foundation.

3 O

IGS NIBEWS 8

http://library.constantcontact.com/download/get/fil
e/1103777414955-100/2011-11-igs-news-

a8+Dec+19.pdf

KukAogpopnoe To Teuxog 3, Volume 27 Twv IGS News. Me-
Tagu Twv BeudaTwyv nepiAapBavovral:

o Néa yia TIg oxéoelg TnNG IGS pe TIG AdeA@ég AlgBveic Enio-
TNHOVIKEG EVWOEIG.

e MpookAnon unoBoAng uNoOWN@IOTATWY Yia To SupBoUAio
NG IGS Council yia Tnv nepiodo 2012 €wg 2016.
H npoBeopia yia Tnv unoBoAn cuppeToxwv otov IGS "2nd
Photo Contest"

TA NEA THZ EEEEI'M - Ap. 42 — AEKEMBPIOZ 2011 ZeAida 56



MepiAnwn Twv dpacTnpIoTATWV TwV EBVIKGOV Evoeswv Tng
IGS oT0 2010

e H ouppeToxn TnG IGS otnv Federation of the International
Geo-Engineering Societies

e To Memorandum of Understanding peta&l Tng IGS kai Tng
ICID (International Congress on Irrigation and Drainage)

e MAnpo@opieg yia Ta Suvédpia Tou 2012

O3 D

GEOSYNTHETICS
W TN AL

M
B o s R S

lnmaml&

Vel N |

Geosynthetics International
www.thomastelford.com/journals

KukAo@opnoe To Teuxog ap. 4 Tou 18° Touou (AuyouoTou
2011) Tou neplodikoU Geosynthetics International. MpooBa-
on HEOW ™ng ToayeYoNteleld
http://www.icevirtuallibrary.com/content/issue/gein/18/4.

O3 D

- - e
=l iles
oL &
Ceomembranss

Geotextiles & Geomembranes
www.geosyntheticssociety.org/journals.htm

KukAogpopnaoav Ta Teuxn ap. 5 kai 6 Tou 29° topou (Ok-
TwBpiou kal AekepBpiou 2011) kabAwg kar To TeUXoG 1 Tou
30 Tépou (PeBpoudapiog 2012) Tou nepiodikol Geotextiles
& Geomembranes. T[pooBacn MEOW TNG 10TOOEAIDAG
www.sciencedirect.com/science/journal/02661144.

(C- 4R -0)

WORLD ROAD

MONDIALE " Exchange knowledge and t
DELAROUTE on roads and road transp

PO PR

wWww.piarc.org

WORLD ROAD
DIALE

B NEWSLETTER OF THE PIARC NATIONAL COMMITTEES
s’

September 2010 n“22

http://www.piarc.org/ressources/documents/11541
Newsletter26-EN-September2011.pdf
http://www.piarc.org/ressources/documents/11669

Newsletter27-EN-December2011.pdf

KukAho@opnoe To TeUxog No. 42 (AskéuBpiog 2011) Tou
Newslet-ter Tng World Road Association (PIARC) kal Ta
Teuxn No. 26 (SenTeuBplog 2011) kal No. 27 (AskEuBpiog
2011) Tou Newsletter Twv PIARC National Committees.
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EEEEIM

Topéag FEWMTEXVIKAG TnA. 210.7723434

ZXOAH NMOAITIKQN MHXANIKQN ToTt. 210.7723428

EONIKOY METZOBIOY NMOAYTEXNEIOY HA-AI. secretariat@hssmge.gr ,
MoAuTtexveiounoAn Zwypapou geotech@central.ntua.gr

15780 ZQrPA®OY IoTtoosAida www.hssmge.org (Unod Kataokeun)

«TA NEA THX EEEEMM» Ekd0TNG: XproTog Toatoavipog, TnA. 210.6929484, ToT. 210.6928137, nA-31. pangaea@otenet.gr

«TA NEA THX EEEEMM>» «avapT®vTal» Kal oTnv 10ToogAida www.hssmge.gr
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